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Denver, Coloredo

July 15, 1948

Memorandum

To:  Chief Engineer

From: E. W. Lane
3ubject: An eatimete of the magnitude of the degrsdetion which will

result in the Middle Rio Grande River Chammel Trom the comstruction
of the proposed sediment storage basins and contraction works.

3tuvtement of the Problem

l. For a considersble number of yeare the channel of the Middle Rio
Grende has been aggrading, until it is now serioualy menacing the welfrre
of the valley. For exsmple, the river bottom is now higher then the
streets of Albuguerque, the principal city of the valley. TNot only does
this situetion threaten the velley with floods, but the rising bed causes
en increese in the height of the groundwater toble, which, if continued,
will waterlog the ngricultural lcnd and thus destroy the crops cf the

valley . Remedial measures are nbasolutely necessery if this vallny ig to
continue to be nroductive.”

2. The causes of this situstion are two fold, (1) the use of much of
the water for irrigestion which formerly flowed down the Rio Grande River
and carried down the sediment hrought into the stream channel by the
tributaries, and (2) the increased load of sediment brought into the
channel by the tributariea, as a result of overgrezing of the watershed.
In recent gerlogicsl time tihe river formed a valley in which there was &
rough belance betwsen the slope of the river, the stream discharge and the
amount of sediment brought irto the atream chenmel. Under thess conditions
the river cerried Aown neerly all of the aed imeht brought down to 1t, end
the valley floor #as raised only very slowly. The white men has taken
away from this section cf the river = large pert of the flow which it formerly
ned and has increased the amount of the sediment brought in, with the result
that the reduced flow is insufficient to carry the increased load of sediment,
and a large deposition is occurring, which is ralsing the river bed.

3. To protect the valley against this menace an engineering plan
hes been proposed by the Burean of Reclametion end the United States
Engineer Department which conzists, in the main, of the comstruction of
three large reservoirs for the temporary storage of flood wsters end for
the storege of most.cf the sediment which now comes into the upper end of
the Middle Rio Grende Valley. It is expected that the amount of sediment
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gtored will be sufficient so that the bealance will not only be restored,

but will be tipped in the opposite direction, and thet the present reduced
river flow will thern be more than encugh to carry out the reduced load of
sediment supplied to thles sgtretch of the river. The river flow will there-
fore pick up from the bed some of the materiel formerly deposited and cause
e lowering of the bed levels, thus reducing the groundwater levels and in-
creasing the flood-carrying capacity of the river. It was also proposed
that this degrading sction would be further increased by the confinement

of the river below the dems to a nzrrow channel, which will incresse the
river's cepoacity to carry sedimont and thus sccelerate its rate of lowering.

L, The purpose of the study desoribed in this report was to estimate
the rete at which the lowering of the riverbed downstream from the sediment
storage basine will take plece. Although the general principles involved
in this action cre well understood, the details of it have never been
adequately studied. In connection with the investigetion for the improve-
ment of the Lower Colorado River, a similsr study was mede and many of the
changes which have occurred there were predicted. Due to the lack of time
end a sufficlently adequete nowledge of sediment transportation lews
however, it was not then poassible to make adequete quantative predictions.
A great sdvence in knowledge of sediment science has bes=n made since the
Colorado River studles were made, end s mch better technique of solution
has boen developed for this study. Sufficient time =2nd funds have not been
available, however, to collect 2ll of the dste necessery for a highly sccu-
rate solution, nor '3 the present state ¢f knowledge of sediment transporta-
tion and river scour yet sufficiently developed for thts purpose. The results
obteined are believed to be the best thet wes posaible with the resources
avallsble. The study hes served, not only to give apyroximate estimstes of
degradation rete with the confining channel and to point out the further
studies which are necesaery %o perfect these estimates, but slsoc to point
out seversl wrys in which these rates may be increased, in order that the
magnitude of the lowering rate -mey bé satliefactory.

Cooperetion with other Agencies

5. This study wes instigeted by the Sedimentation Subcommittee of
the Federal Inter-Agency River Basin Cormittee, who sponsored a meeting
at Albuquerque, New Mexico, on January 6 to 9, 1947, to "review methods
epplicadle to determining the effects of proposed...reservoirs on sedi-
mentation !n the river chennel and floodweys tlirough the Middle Rio Grande
Valley." In addition tc the representatives of the Bureau of Reclamation,
tHis conference wes sttended by men from the Corps of Engincers, Geological
Survey, Forest 3ervice cnd Joil Conservetion Service. At this meeting,
methode of estimating the degrudstion which would result from the reservoirs
vere deacrived by Dr. H. A. Einstein and by E. W. Zene, It was recommended
by this group that these men be directed by the Corps of Engineers cnd




Buresau of Reclamation respectively, to meke studies by their methods of
the degradstion of ‘the Middle Rioc Grande Chennel due to the sediment
storage in the dams proposed for its improvement, which recommendations
wers approved by the respective organizestions. To supply data necessary
for carrying out these studies a Joint program was agreed upcn wvhich would
congist of:

a. The collecting together of nll data on the mechenicel analyses
of the riverbed meterials by the Scil Conservation Service and the Corps of
Engineera. .

b. Three horings in the riverbed, end nurerous probings &t ranges
about 10 miles apert, together with mechanlcal anelysic of the semples
from tie verious depths in the borings. The fleld work was to be carried
out by the Corps of Engineers, end the laboratory work by the Geolog;cal
Survey .

c. A longitudinel profile of the river in 1936 and 19:1, end
characteristic cross-sections of the floodwsys to be compiled from the
records of the Soil Conservation Service, Corps of Engineera, and Bureau
of Reclamation by the respective orgenizatlons.

d. Semples of suspended sediment end of bed material to be taken
at a number of gaging stations by the Geologleal Survey and Mechenical
enalysee made of then.

~ e. Flow darstion curves of the river at vericus key noiﬂts for the
years 1936 to 41, to be compiled by the Bureau of Reclamaticon. These
assignments weru caxrried out by the respective asgencies end the data thus
collected formed the bazis for this study.

6. This report is & record of the degradation est*mate prevared, as
auggecsted by this meeting.

Methods of Computation

7. The method of computztion of the rete of degradetion conaisted
of dividing the river into sections or reaches and computing the volume of
sediment cerried out of sach segtion by the flowing water. The dlifference
detween this volume and that brought into the section from the, section
upstream would be Bhe degradetion in the section. 3ince there was some
local sedirent inflowg and aome sediment was alsc removed in the irrigestion
weter, corrections wore mede to account for these quuntities. Knowing
the net velume of meterial removed per yeer from each section, the average
lowering of the river chennel was readily computed.
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8. The sediment removed from the bed by clear water consiats of &
larger provortion of small particle zlzes 'then exiuts in the bed meterlal,
which cruses the bed materisl to become graduelly cosasrser as time goms on.
This in turn ‘causes the amount of materiel carrled out to become smnller,
since the stream can carry lesas coerse than fine materiel. In the computa-
tionz these effocte were teken into sccount. 3Since, so far as ¥mown, no
attempt. has previously been made to moke computations of this kind, it was
necessary to develop the methods used. These methcds proved to be qulte
detailed, but since 1t is dcsiradble to record them so that they may bo used
in the sclution of other degredation problems, they are given in detail in
Aprpendlx I.

General Results snd Concluslions of the Study

9. The resulta of this study are very vclueble in pointing out the
need for further study of the problem and the neture of ths studies required
to determine the degradatlion which would take place, rather than in giving
exact answers &3 to the magnitude of the degradation. It has shown that
et the present time Imowledge of codiment sclence is not sufficiently
developed to enable exaect prodictions to be . made.

1C. The most important conclusion from the study 1s that if a confined
chennel is constructeod below the sediment storege dams in which the.sedi-
ment picked up from the bed is carried through the length of -the channel
to the lower end, without deposit slong thias course, the rate of degradation
will very probably beso low a3 to be unsatisfactory,. and that at soms
reaches along the chammel (t may even esggrade insteed of degreding. To
eccomplish degrudation nt e reascnable rete 1t wlll be necessary to store
the sediment picked up from the chennel bottom at scme point elong the
chafinel and relezse the clarified water back into the chamnel, where 1t will
vick up rnothner loed of sediment from the chennel beottom, thus increasing
the rate of degredation. The rate of lowering will depend upon the number
of timec the same water can be induced to pick up a loed from the channel
bottom and deposit it in a prenered plece outside the channel. It was not

po83ible in these studies 1o determine this.

11. Even with very favorable assumptions on the depth to which the
flowing water turns sver the bed metecrial, tho rate of degradstion for a
regulated channel 600 feet wide, with peask flood flows in the river reducad
to 5,000 ¢fs would reach only sbout 1.3 feet for the stretch between
Cochitl and Mngostura Dams in 50 years. In the reach between Angostura .
Dam and Atrisco Feading it would reach'a depth of about 3 faet in 50 years,
but bolow this point it would either change very little or eggrade. The
megmitude of theae)chnnges during the 50-yeexr periocd is shown on Figure 1. .

12. The studies showed that the derth of degradation for the stratohes
covared by the computations would be larger for the contracted than for the
natural channel, even 1f thie depth of the bed meterial turned over by the
weter i1n the nerrow channel was no greater than in the wide channel. "With
no chenge of turnover depth, the imcrease of meximum £low from 5,000 to
1,500 cefs would Increase the degredetion in the contracted channel only
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slightly. The difference between the effects of a series of high-flow years
or low-flcw years as compar~d with average years would not be great. The G
results which would actually occur would be considerably influenced by the iy
volume of sediment brought in by local inflows, These occur only at unpredict-
able irregular intervals, and thelr magnitudes are difficult to estimate., How-
ever, in many cases these inflows would be capable of being handled separately.

13. The computations shewed that the depth to which the bottom material
wag turned over by the flowing.water had a large influence .on the degradation
depth., A small change of particle size would also:cause considerable change
in the degradation depth. The computations also showed that the capacity of
the stream to carry sediment was a very important factor in debermining the
degradation rate, v '

l,. The foregoing results show the necessity of further studies if the
desgrading effect. of the reservoirs is to be accurately predicted. To determine
the. extent to which the water can be induced to drop its load at selected points
outside the channel and pick up a new load from the bed, a series of hydraulic
model tests should be carried out., The large effect of the depth to which
the bed is turned over, on the degradation .rate, :shows the importance of an
accurate determination of the depth to which this action takes place, The .
iimportant effect of partieie size on degradation rate shows the necessity of g
an accurate knowledge of the size.of material through which the channel would
run, and therefcre the need to supplement the ueager data on this point by
further sampling, The large influence of the transporting capacity of the ~
stream emphasizes the necessity of determining this capacity accurately, and
reconciling the conflicting results obtained in-estimaling this value by
different methods. L

yuantitative Hesults of Depradation Estimates

15.  The quantitative results of the estimates of degradation.are glven.
on Figures 1 and 2. Figure 1 shows the estimated effect of the reservoirs .
oper:.ed to reduce flood peaks to 5,000 cfs with the channel below the:dams -
restricted to a 600-foot width, and no sediment storage zlong the chamnel. x
The depth to which the ted material is assumed to be turned over is 2 feet in
the firs% stretch, Cochiti to Angostura Dam and 7 feet below that point. The
method of making these computsationsg is given in detail in Appendix 1.

%6, The results indicate a lowering of about 1.3 feet in the first 15
years in the stretch from Cochiti to Angostura, but little change for the next
35 years or to the end of the period studied. In the stretch from Angestura
to Atrisco Heading, the lowering would continue for more than 50 years, reaching -
1.5 feet in 20 years and 3.0 feet in 50U years. In the stretch from Atrisco
Heading to Isleta Dam the degradation reaches 0,8 feet in about 5 years, after
which it apgrades back practically to zero,again at the end of 50 years. In
the stretch from Isleta Dam to San Juan Heading it degrades about 0.6 feet in
the first 5 years, but after that aggrades to about 1.3 feei higher than.the
elevation at the start at the end of 50 years. In the reach from San Jusn )
Heading to the Rio Puercc it would degrade 0.6 feet in the {irst 10 years, after . ‘g
which it remains practically constant for 10 years and then starts Lo degrade )
again, reaching 0.8 fect-at the end of 50 years. ‘
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17. The computations indicated that the action was nuite sensitive
to particle size composition, and the assumpticrn of sliphtly different bhed
size compositions would have produced considerably different results. Since
the paucity ol sizo analysis data of the Led material did not establish the
true average size very conclusively, the computed values of aepradalion could
not Le positively estaitlished, Any chahipe in the pardicle q;z #, howsver,
woulm have chuntou the anounts of degyradation in the various sections with

respect to cach other, but would not charge the total awount greatly, - Although:

the results obtalned are therefore not nccc*vurJLy cxact, ithie order of
magnitude of vhe ceoradation is belinved to be correct, uluce the magnitude
of the depradations computed are generally guite small, it Lherefore can be
concluded that the degradation which would result with the confined charnel
downstream will be too small to be of much value,

18, In comput ing the amounit of deysradation certain assumptions were
made which were necesdsarily somewhat arbitrary. The effect of different
assuniplions was therefore investipated. The {low ecach yesr was' asswned Lo
be equal to the averuge flow. The dejradation which would occur if the first
five years were the same as that of the five dryest consecutive years, was
detemiuinec, This is shown on Curve Wo., 2 of Figure 2, A comparison of this
curve with Curve Ho, 3, which is the curve {or average flows, shows Lhat the
degradation, although smaller, is only slightly less than for averapge flows.
Similarly, the five wetltest years would produce only slightly more than the
averdge depgracation, as shown by Curve ko, 5. The effect of a change in the
particle cize used i: shown by Curve No. 7. This curve shows the compubted
degracation for a bed material finer than the size jindicated by the horings
as shown on Table 1.

19. The degracdation CnguLdtlonS, in general., werc based on the average
annual. transporting capacity of the stream for ccarse lcad, which was estinated
to be 2,350,000 Lons per year, Thc averuage annual” sedlvwnt loud computed from
o secdiment rating curve for covarse load and an aversge f{low duration curve
was found to be about 9,000,000 tons. It is probuble that the measurements
on which tuis rating curve were based were taken at 6 narrow scection during a
Lime when the river wes deepening this section and when it was therefore
transporting more material than under average conditions. It is beliwved, how-
ever, that the 2,350,000 tons is 2 much more reliable value. However, the
degradation which would result if the 9,000,000 tous were correct was computed
and shown by Curves o, 6. This shows that materially sreater degradaticen
would resull if the trausporting capacity of the river wes srealer. The effcct
of increasing the value cf Lhe peak discharge to 7,500 cfs was also studiedy

shiown by Curve Ko, 4. In the first stretch this ¢iffered very little from
the 5,000 c¢fs valuc as shown by Curve No, 2, Although the 7,500 cfs flow will
carry maberielly more sediment than the 5,000 c¢fs flow these flows occur only -
a small part of the total tiwme, anc the effect of ua'“lny them is therefore
not preat. Also, the effect of che greater peak flow is largely offsel by the
shorter length of time it flows., In these computations, howevor, the degth of
turnover of the bLottom maberial was asswned Lo be the same. Since the dept
JSor the highier peak flow would probably be greater, the derradation rate for
the hisher eak discharge would be relat ;vely greater than these studies

indicated,
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Poagibiliti.es of Increasing the Degradntion Rate

20.:As previously stated, the degradatlon rate will dbe small:if all
the sediment is carried to tho lower end of the channel, ‘and to ‘ettain a
larger rate it will bo necessary to store the coarase aed*ment at yfeaeter-
mined points along the stream. The amount of degradetion will denend lergely
upon the number of times the same water con be Induced to pick up ‘e load
of sediment from the bed and deposit it outside the channel. The portions
of the present channel not used in the contracted section can be uwsed for
deposlting the excaveted sediment, and possibly wastelands can be utilized
for this purpcse.

21l. The best procedire for the sedlment deposits to accomplish the
degredation cen best be worked out by Hydreulic Leboratory studies, supple-
mented by a iimlted amount of exper:mentation on the river itself. So fer
aa possible, the procedure of overbank deposition should be .combined with
the contraction of the chamnel. A great many possible schemes might be used,
end an extenoive laboratory investigation will be neceassary. Considerablse
work of value along these lines has been .done in Indis. Obeservetions recently
rade on rivers in this country indicete that considerable progress can be
mede along thie line. Moast engineering progress is made by finding out the
laws of nature &nd then setting up the cond tions in such a-way that nature
will work to accomplish the desired end. The work on zecelerated chamnel
degradation would be conducted by working out the conditions which would
best Ffacilitate the action of the river in moving tne sediment from its
channel into the depeosition areas,

22. A substantial advantage of the method of producing degredation by
deposition along the chennel is that much of the degraded materisl will dbe
kept out of the Elephant Butte Reservolr, end the capecity of that reservoir
will be kept avallsrble for weter atorage to this extent.

23. Another possibdle method of incressing the degradaticm ratz would
be to locate the channel where the size of sediment was emell. To do this
1t would be necessary to determine by means of borings ond size analysis,
the parts of the aren between the levees whers the size of bed material
was emell end run the contracted chemnel through these portions. Whether
or not thiz method is practical could only be determ¢ned by furthar investi-
gation, which should be made.

i
Bffect of Vater Tempersture on Degradation Rate

2L, Sed:ment measurements cn the Lower Coloredo kiver show thet for
the seme discharge this streem carries mmch more sediment in winter than in
surmer. The cause of thlis is not definitely established, but the most
likely explanation seems to be that it is a temperature effect. If it can
be definitely eateblished that this is the case, the temperature of the
water may heve an important effect on the rate of degradation. A search
for temperature datc on the Rio Grande water failed to locate any infor-
mation except for that cbtoined with recent sediment measuwrements., In
order to determine what the cause of the variation in sediment carrying

10




capacity of the Colorado River, t%e relation of this cd?acity tcdtpe
temperature wes studied in some detall. Appendix III gives the results
of this octudy. :

v

Iimlt of Deipadation

25. Some engineers who have studied the degradastion possibilities in
the Middle R!o0 Grande have baen concerned with the possibility thet the-
degradation might be 80 great ss to bring very disadventageous effeqts, such
a8 the undermining cf bridges and dsms. The studies previocusly discussed
indicete that the principal difficulty willl be in securing mdequete lowering
rether than from excessive lowering. The presence: of gravol strata, as
shown by the borings, indicate the limit to which degradation could be
exnected to go, even under mch more favorsble conditioms for degradation
then actually exist. These depths very from about 7 feet at Sen Felipi to
18 feet rt Albuguerque ond to 15 feet at lemitar. These arg the distances
down from the present surface, and the depth below the bed of the river
before the recent xrapld eggradetion is therefore conslderably less than these
values. GChould degredetion become exceaslve, the lowering could be grestly
reduced by allowing the river te retwrnm to its natural width by ceeslng to
neintain the contraction worlzs or by passing down the river some of the
sediment entering the sedimentation basins. .

Further Data and Studies Regquired to Perfect Estinmates of Degredetion Retes

_ 26. The estimntes of future rates of degrndaetion resched by thic ‘study
were congsidersbly lesvened in probehle accwracy by lack of sufficlent data
on the mechsnical anelysis of the riverbed meteriels, both on the surface
ond below it. A greet desl of mechenical anslysls work has been done by
the 3cil Conservation Service, but this was done for the determinstion of
the relative sediment contrlbutions of the various perts of the drainage
bagin by the heavy mineral anslysis method and in the select.on of samples
only savdg were teken, the coarser and finer matericls being savoided as
unsulteble for this purpose. To meke an estimnte of degradution rate of a
gatisfactory degree of sccuracy it will be necessary to get & systemetic
sot of hed semples covering the entire length of the middle river. The
semples provebly should be tellen on a grid system with points sufficiently
closely spaced to give accurately the average bed composition.

£7. The borings made by the United 3tates Engineer Department as pert
of the coomerative progrnom are practlcslly the only informet!on showing
quantitetively the composition of the meteriel an apprecisble distance below.
the surface. This material was very valusble in this study dut the berings
ware inguffi/cient in nuwber tc insure an acenrste everage of the subsurface
compositians. Many more sindlar borings with mechenical, analysis of the
materiel =t different depths will de necessary te insure sufficient accursacy.
These borings should 21s¢ be made on r grid system. A limited number of bed
surface samples and borings should alaso be made in the tridbutarles just
stream from theilr mouths, in order to give s8 relisbly as possidle the
compogition of the load dbrought to the river by these streams. It . .l
that a horing riz, mounted in ¢ truck could adventageously be uged ::x




c ey,

borings required. It ‘s understnod that the ermy has daveloped equlpment
for thig purmose for conatructing militery telephone lines.

28. As dlscuased In Apvemdix 11, more .1ni‘omtion on the depth and
width of the bed meteri) 2l which & moved by the high strean flows is
necessgry. Fcr thls vurnose an cnalysis should be made of records of bottom
geour obtained by crrent meter messurementc in the Rio Grande end gimilar
rivers, A lerze number of borings should be mede in the river channel and
the holes vhoul? be refilled with colored seand. Theae should be mede ot
toth narrow and wide sectlons of the river. By loter excmination of these
holes the dewth t~ which they had hecn wrshed swny would show the depth of
bed movement. The borings mede bo'determine the olze composition of the bed
could be used for this purpose. :

29. For the purprge of securing detae on the depth of Ped scour and
Tor ohecking the accuracy of the moethods of estimating degredation rate
used in this study,’ dabs on bed conmosition of the surfece end subsurface
cf the Lower Colorado River should be secured. The rate of degradation
should then be estimeted and compared with observed rates.

30. To secure more informntlion of the degrasdztion which has resulted

on other streams where the sediment loed hes been cut off by dams, dats
should be seciured from =s many cases as poasible where this has teken plece.
L speclal study should be made in the Rio Grende below Elephant Butte Dem.
Bv comparing these rates w'th bed mrterial, slope and the flow causing them,

furthor chock on the rates estimated wﬂuld ‘be secured. This information
would alsc e of great velue in the design of dams end other structures on
many other of the stroams under study by the Bureau of Reclamation.

31. The solection of o 60U-Foot chennel width for the estimates of
degpradaticn rate in the regulated channel wes a very syrbitrary one end
before 2 determinetion of & width {s mede, extensive studies shounld be made.
The selection of the best form of bonk-protection works for thic channel
could be materially sided by Hydraullc Laboratory studies.

Miscellaneous 3uggestions

. The f.1lling up of the 3torage dams with sediment w.ll necessitate
the en rgenent of the storsge cupacity from time to time. £ postponewent
of the need -7 this additionnl cavacity might be obteined by €lushing out
pert of the sediment from the bas’na to dencisiting =2reas just dowvnatreem
from the dems. As the reservoirs become partislly full., the head necossary
to Tlueh out the wediment onto lands ot levels above tihe wrezent riverbed
will become avelledble wi tbou‘t the atorage of water _n the basins. The
feasibllity of such a procedure,should be studied ed, and 1T dosireble, the
outlets 'n the dawms should dbe des_uned to mccomplish it.

33. Under ordinary conditions the space which i1y filled with sediment
will become nseless for sny other purpose. It would be possible, however,
to utilize the vart of tiils 3pece betveen the grains of sand for atorege
of water, 1f drains and conduits were constructed before the depcasits were
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made, to colleot the water end. discharge it through the dam, Since these
basins ere expected to store only the coorse meterial, the effective voids
should be a comsiderabdle part of the gediment ‘volume ‘and the water could

be dreined out by gravity. To a limited extent this space would also mrovide
flood control storage. This sort: of  storage would have the adventage that '
it would be less subJoct to evaporation than ordinary storage » and thus might
be particulerly adepted to hold over -storage, R
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y Appendix I
. DETAILS OF MEFHOD OF ESTIMATING DEGRADATION RATES

Experience wlth degradation on the Colorado River below Lake Meczd
has shova thet the clear water flowing from the lake picks up material from
the bed ard carries it downstream, thereby lowering or degrading the river
bed. The e2billty of the water to carry the fine particles of ‘bed material
is very much greater than its &billty to carry the coarse particles. The
water therefore plcks up from the bed mrich more of the fine materisl than
it does of coarse materisl. This proportion of fine to coarse naterial
picked up is greater than the proportion of fine to coarse meterisl of which
the bed is composed. The result is that the fine moterial in-the bed is
removed iaster than the coarse material end the bed materiel remaining,
gradually becomea coarser. As it becomes coarser the ability of the river
to remove bed material becomes leass, Therefors, the rate of the removal
of the bed deoreeses end e condition is approa.ohed where the emount .of -
moterlial becomes so small that the chammel praotica]]:,r ceases to degrade.
At this time etability can be sald to be reached. .

The experience on the Lower Colorado has been that thls condition was
reached in a comperatively few years. Although the comditions on the
Middle Rio Grande River are not exsotly the seme as those on the Lower
Colorado, the similerity is grest enough to insure that an action of this
kind will occur in the Rio CGrande. Any method devised for estimating the
degredation which will result from the construction of the proposed reservoirs
will, therefore, have to take this action into account. ¢€o far as ¥nowmn,
no such method has previously been developed ernd therefore, it was necessary
to devise one. The lack of a campletely developed science of sediment trens-
portation znd deposition, the paucity of quantitative deata regerding the
materials deelt with in the Rio Grende, together with an inedequate lmowledge
of the action of the river on the materiels composing its bed, has made it
necessary to make several assumptions and apmroximations in developing the
method. The results obtained therefore, cannot be. expected to be hi
accurate bubt they are the best that can be devised at the yresent time, and
it is belleved that they do indicate the correct order of megnitude of the
verious effects and indicate the general character of the results which will
be secured. They should be very helpful in pointing out the best method of
cerrying out the proposed plens end in showing whet infcrmtion is necessary
to make more accurate quanti'tive estimates.

Since the dsgrasdation which will result from the proposed resgervoirs
wlll ohenge with the passage of time end will vary in the different parts
of the river, it wes decided to make the computetionie of these effects by a
step method, dividing the river up into sections and estimating the changes
which would occur in each section during successive time periods of one to
Pive yeors length, following the completion of the reservoirs.

Since the degredetion in sny section of the river depends upon the excesa

of the amount of sediment taken cut of the sectlion over that brought into
)
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. Appendix I
. DETATL3 OF METEOD OF ESTIMATITG DEGRADATION RATES

Experience wlth degredation on the Colorado River below Lake Mesad -
has shown that the.clear water flowing from the lake picks up material from
the bed and carries it downstreem, thereby lowering or degrading the river
bed. The ability of the water to carry the fine particles of bed msteriel
is very much greater than its ability to carry the coarse particles. The
water therefore picks up from the bed much more of the fine material than
1t does of coarse material. This proportion of fine to coerse material
plcked up is greater than the proportion of fine to coarse material of which
the bed is composed. The reswlt ia that the fine material Iin the bed is
removed faster than the coarse materizl and the bed materiel remsining,
gradually becomea coerser. As it becomes coarser the ability of the river
to remove ted materisl becomes leass, Therefore, the rate of the removel
of the bed deoreases and a oondition i1s approached where the emount of -~
material hecomes 80 small thet the chammel ypractiocally ceases to degrade.
At this time stabllity can be said to be reached.

The experience on the Lower Colorado has been that this condition was
reasched In a comperatively few years. Although the conditions on the
Middle Rlo Grande River are not exactly the same as those on the Lower
Coloredc, the similarity 1s great enough to insure that an action of this
kind will occur in the Rio Grande. Any method devised for estimating the
degredetion which will result from the construction of the proposed reservoirs
will, therefcre, have to take this action into account. ©So far as known,
no such method has previously been developed and therefore, it was necessary
to devise one. The lack of a completely developed ecience of sediment trens-
portation and deposition, the peucity of quentitetive date regerding the
materials dealt with in the Rio Grande, together with an insdequate kunowledge
of the action of the river on the materials conmposing its bed, has made it
necessary to moke several assumptions and apmroximations in developing the
method. The results obtained therefore, cannot be expected to be hi
accurate but they are the best thet can be devised at the present time, end
it is believed thet they do indicate the correct order of megnitude of the
various effects and indicate the seneral character of the results which will
be secured. They should be very helpful in pointing out the best method of .
caxrrying out the yroposed plens and in showing whet informetion is necessery
to make more accurate quantitive estimates.

Since the degrsdation which will result from the yroposed reservoirs
will ohenge with the passage of time and will vary in the different parts
of the river, it was decided to make the computetione of these effects by a
step method, dividing the river up into sections end estimating the changes
vhich would occur in each section dwring successive time periods of one to
five yewmrs length, following the completion of the reservoirs. .

3ince the degredetion in any section of the river depends upon the excess

of the emount of sediment teken out of the sectlion over that brought into
}
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the secttior, it 18 necessary to kmow both the sediment inflow and outflow
quantitios in euch section In esoh of the successive time periods used.
The amount coming into the section is made up of the smount brought in
from the section immediately upstreem, and that which comes in from local
inflow., The amount which goes out. of the section is that which the river
carries out plua that which 1e diverted into irrigation canals. The local
inflow and diversions were estimeted from the best sources of information
availeble, ee will be explained later. The main river sediment inflow to
the upper of the sections into which the river wus divided, weo based on
‘the esctimate prepared in drawing up the.generzl plan for the improvement
of the Middle Rio Grande Valley. The main river sediment inflow for the
sections below the, upper one was taken as a computed sediment outflow of
the section next upstream. It wau, therefore, necessary to compute first
the degradation and sediment outflow in the most upstream section for the
succeaslve time periods and then successively compute the effects in the
section next downstrecm. . :

Division into Soctions

The gections, or reaches, into which the Middle Rio Gra.ndé was divided,
for the phrposes of this ctudy are shown in Table A, togother with other
vertinent data.

Tableo A

DATA ON MIDDLE RIO GRAMDE SECTIONS

: . tJection: Average

Section: From : To tlength-: naturel

No Place : Place miles : width ft
Cochitl : Angostura
Diversion Dem: Diversion Dam: 22.19
Angoatura : Atrisco
Divers'on Dam: Jleading
Alrisco ¢ Isleta
- Hesding : Diversion
Ieleta -~ San Juen
Diversion - : Beeding
3on Juan 3
Heading ¢ Rio Puerco

® selee

1,056 £t

25.76 : 1,200 £t : 163,000,000

3
.
.
.
.
.
.
.
-
.
.
.

ee velee so[ve ealoas

13.50
2k L6 ;1,050 £t 3 136,000,000

1,350 £t @ 99,000,000

*csles selne sejon o

15.9% ¢ 950 % ;75,000,000

.o

Locel 3ediment Inflow and Diversions

The gediment inflow whick occwrs locally in the verious sections was
taken froam the estimate prepared <n the sedimen‘l]ct.im appendix of the
plen for development of the Middle Rio Grande 2/ The enounts end compoaitions
were taken frem the estimete made for the general design of the Middle Rio

l/i‘mm'bero refer to references zt end of this rdport.




Grande Praject previously nentloned. The size cormposgition of this sediment
wrs talen from sediment mensurementa made during gwmer flood flows n the
Rio Grande, since most of the local inflow comes during such perlods. The
amount and composition of coarse sediment token out of the river with the
irrigetion water was estimated from the amount of weter diverted and the -
cecarse cedimsnt concentration and composition in the water st that point.
It wag assumed that the ceanel headgate was mnmpulated to reduce the
sedlment to & minimum end, therefore, thet the sediment concentration o“ the
water diverted wss half t‘lat in the river,

Turation of Main River Flow

The duratlon of flows of various magnitudes which will sexist after
the conmtruction of the flood control dems will diff{sr comsiderably from
that which has existed in the past. It is expected that the maximum flow
which will be permitted to paas down the river at the upper end of the
Middle Valley will be 5,000 cfs. Occasional local inflows will bring the
channel flowe above this emount, bul their Qwrstion will be very short,
and the amount of water .anolved will be smell.

3ince studies of the operation of the reservoirs was not evailable,
thelr effect on the durstion was estimated by adjusting the shape of the
curve to reduce the maximwm flow {0 5,000 ef3 and incrense the duration of
flows just below 5,000 cfs to provige the ssme total quantity of flow as
in the unreguleted condition., It was assumed that most of the flow above
5,000 cfs which was stored would bhe released soon after the natural flow
had fellen bhelow 5,000 cfs. ; ‘

4

Main River Sediment Inflows and Outflows

As previously stated, the amount of sediment carried by the river
intc the upper end of the Middle Rlo Grande chanmel was based on the
estimate of the amount of sedlment cerried by the river in its presert
forg, so etemned in the genersal plans for the Middle Rio Grande
Project. L/ This estimate was based on & complete study of the welghta -
of sediment brought in by the m=in river =nd by the tributaries and the
measured disyposition of it in the eggradetion of the valley floor and the
depnsits in the Elephant Butte Reservoir. It wes assumed thet the anmount -
of wash losd (which would include £ll of the materiel of silt end cley
glze) would not be chenged by the constructicm of the dems, but that it
would all pass without deposit, tlrough the contracted channel which it is
rroposed to build. It was assumed thot the flood-sediment control reservolirs
would be so menipulated that all of the material of sand slzes.reaching
them would be derosited therein. The amall quantity of sediment which
would come down the Upper Rio Grande or be removed from the conrse deposits
in the river channel between the mouth of the Chama River and Cochitl Dam
was assumed tO be negligible and the flow of coerse sediment at Cochiti
was therefore neglected. .

“The estimate 0f sediment carried by the Middle Rio Grende under present
conditions, previously mentlaned, showed that the various stretches of the
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river be’cween Cochiti and the mouth of the Rio Puerco carried an average
of about 2,350,000 tons of coerse materisl per yeer. Coarse materiol .

being thet pert of the ssdiment composed of particles of sand and larger
8izes or larger than 0.0625 rm. This quantity is for the present river

conditions of magula’oed flows and nvtura‘l ri ver widthe.

The reduction of the peak flows 'by the regservoirs wili tend to reduce
the ability of the river to carry coarse sediment but the confinement of
the streambed helow the dems will tend to increese it. The mmgnitude of
the effect of ‘these two opposing trends wes estimated by computing, by
meens of sediment transportotlion formulas, the everage anmual amount of
sediment carried by the unregulated, natursl ‘width stream and alsc by the
regulated, confined width ctream. To get the cepacity of the stream after
the chenges are mide, the yresent cepacity of the streem, 2,350,000 tons
yer yeor, vag mult;p"*‘ed by the ratio of the compuved canaci'by of the
regulated ,confined width etream to the computed capceity stream in its
rresent condition. The results of these computztions are shown below.

*  COMPUTED TOTAL SEDTMENT IOAD IN FIRST
STRETCE FOR DIFFERENT CONDITIONS

Total load
, : T /yeer
Width = 1,050 ft--Flow durstion '
normal {21,67C cfs maximum) 1,392,389

Width = 600 f£t--Flow durstion
normal (21,600 cfs meximum) 1,71k ,037

Width = 1,050 Pt--Flow dLu'a‘biO'l ‘
reduced to 5,000 e¢fs maximum S . 1,080,k58

W.Ldt.l = 600 f.‘“b--Flcw duration ’
reduced to 5,000 cfs meximum 1,606,029

This shows thet the effect of nerrowing the river chennel to 600 feet was
greater than the reduction of peak dlscharge to 5,000 cfe, and therefore .
thet the initial effect of the improvenent was to somewhat Increase the
rate of trensport of sediment by the stream.

It vI11 no doubt be noticed thet it would be possible to use the
computed guantity crrried under the new set of conditions instead of that
obtalned by the previously described method. Becruse of the lack of
accurate imowledge of the size composition of the bed meterial end tue
temperature of the weter ond becsuse our knowledge of the fundamental
theory of sediment transportetion is inexact, it is believed that more.
accurate results would be secured by the method adopted. This uses the
theory to compute only the reluative effect of the changes due to the
Jroposed plan end to depend upon messured quentities to give the rate for.
mresent conditions. Both the tempersture and the size of bed materisl
have o large effect on the amount of sediment transported, as computed by
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the formulae used, and therefore the results obtained by these formlae

with the. approximete values which it was necesssry to assume for these

quantities, was apt to-be considerebly in error. The estimete of materiel

carried under mresent conditions however, although subjlect to some uncer- .
talnty, was belleved to be much less subject to error. Therefore, it was 5
believed that a method which would use this wvalue for the basic quentity, o
and modify it by computatlon, where computatlon wes necessary, would give

e more accurate result than to use computation for the entire process.

Waen these studies were started, it was expscted to use, as the

transporting canacity of the river for coarse sediment, the amount of
this materiel for various discharges shown by the results of sediment
saxrling observetions in the river channel. For this purpose sediment
reting curves et various points where deta were available were draswn up,
but when these curves were applied to the duration curve of mean annual
flow they geve mean ennual ssdiment disoherges several times the 2,350,000
tons sstimated from messured volumes of dsposited meterisl. Since it is
-believed that any error in the 2,350,000-ton value is much less than this
would indicete, it was concluded that the use of these rating curves wa
not desirable. - :

The reason why the transportation of sediment in suspension as
“determined from sediment ssmples appeared to be so much lsrger than thet
obteined from measured deposits is not apparent, but it is probedly re-

lated to the problems discussed in Appendix IT.

Composition of the Bed Material

The estimate of degredation is based on an initial composition of

_ the riverbed material, which was teken to be that existing in the bed

at the present tims, as nearly ae could be detegmined from the few borings
which were available. The composition of the bed in each section of the
river was determined from the size enalyses made from the samples taken
from the berings made in that section, down to the depth which was assumed
to be the lowest level =t which the flowing water would turn over the bed
meteriel. 3ince the number of borings in the river chennel in one segtion
were only from 2 to 6, the composition of the bed material was not ested- <
lished very accurately. : ’ ‘

Depth of Turnover

As discussed in Appendix II, the depth to which the bed materiel in
e strenm is worked over by the flowing water has an important effect on
the rate at which it will degrede , but little is known in & o v it e
about this metter, and the available dastea ere conflicting. In these
udies sufflicient date to oblain reliesble values of this depth were not
avellable and more or less arbltrary values had to be essumed. In the
stretch between Cochiti and the Angostura Deam, the bed is composed of
coarse moteriel and it is believed thet the depth which would be worked
over by the 5,000 ofs meximum flows would be small. In this strotch the
depth was therefore taken es 2 feet. Below Angostura Dam the riverbed is
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composed of smuch finer material, and the depth of turnover is expoctsd to
be greater. The borings indicate that fhe bottom becomes appreciably
coarcer et & devth of about 7 feet and this depth of twmover was, there-
fore, assumed in thie stretch for the river between Angostura Diversion
Dam and'.the mouth of the Rio Puerco. A study was also mode of the effect
in some sections for a deptl of 3-1/2 feet. Although most of the high flows
in the river will be eliminsted by the reservoirs,‘cccesionsl Tlows of con-
siderable magnitude will come in from the tributaries which will assist in
working over the bed material in this part of the river. The effect on the
resulte obtcined of errors in e!st',‘lmm:inb tho aepth of tluls turnover is
discussed later in this appendix.

Dotails of Estimate of Degradation for the Frot Year

In the estimate of the degredation for the first yecr a trial
computation was flrst made, in which the initiel rate of degradation of
the various sizes was assumed to hold during the entire year. From the
amount of material, which this ssswrption geve es being carriecd awesy from
the zone of matemal which was worked over by the stream, or what may be
called the “"turnover uome,” the aversge chenge of composition of this zone
during the year was compubted. The average of the composition at the begin-
ning and end of the yeer was then taken =28 the bed composition and e reviaed
estimate wes made of the weight of meterial carried by the stream during
the yetr and the degradation whioh this would produce. This value of lovor-
ing was taken as the degradation caused by the dams for the first yeer.
The composition of the tuwrnover zone et the end of the year was clso esti-
ratad with this revised rete of movement out of the zone, and this composi-
tion was taken as the initial rete for the second year.

The order of the sbens in the oomputetim of degradetion for the first
Year in any reach of’ the river was as follows:

(1) Determine the initial composition of the bed materiel in each
reech from the torings in that reack.

(2) Compuie the mean annual discharge capacity of the stream
chennel for sediment by means of formulae, for its netursl width
with unregulated flow and for the contracted channel with regulated
flov.

(3} Adjust the contracted regulated flow discherge to agree with
observed discharge with natural width and wnreguleted flow.:

(4) compute the amowmt of each size range of material carried
out of the section. Then compute the change of bed corposition
during the first yeer due to the combination of this sedimert outflow,
the sediment inflow from the section next upstream, the local sediment
inflow, and the sediment cerried out by the irrigation weter.

(5) Determine the average bod composition during the yeer.
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(6) With this aversge bed composition repeat Step L to get the
net ‘amount of material removed from the section, and thus the amount
of degradetion or aggredation. -

- ("{) Compute the depth remezining ln the turnover zone et the end
of the year snd the degradatlon dwring the yezr, also the bod composition
at the ond of the year, which will be uzed to compute the degredation
the next year. The degradstion for the noxt perLod. waes computed by re-
peating steps L to 7 inclusive. .

The *'ollowmg peregrephs glve more detsils on how the computatlons in. E
each of these steps were made. : : : <

Step 1.--The initial composition of the meterial in the turnover

\- zone in each reach weo determined from the averege composition as shown B
\ - by the borings tasken in the river chennsl, for the depth which would be

5 . vurned cver, as previously steted. The results of the borings outside

] \ the chammel were not included. The size composition wes divided into

parts, amccording to the American Geophysical Unlon “/cla.s&fic’xhon,

.and the percent of the total weight in eech zize range was detormined.

Assnming thet each class of material accounted for & depth of material

mroportional to its weight, the depth in each size range in the turn-
v over z.one was computed.

Stev 2.--The rate at which ,‘iﬁter al in each AGU size ranze could
be trensported at the beginning of the first yeer was computed by formulse,
‘ for the present condition of the river, with 1ts naturel width and wn- =
regulated flow und with the proposed nerrow width and regulated flow.
The transportetion r te for the suspended load wes cormputed by the 7—
Kalinske I‘Ol’)ti(‘l’l? end for the bed loed the average of the Kalinske”
and JSchoklituoh 2/forrmlee were used. 'The total load was taken as the
sum of this suspended loed and the everage of the two estimetes of bed
losd. The Finstein bed (mmterisl) load formula wes not used, since the
e N sizes involved were too smell for accurate determination by this formmle.
The Straub formmle was found to glve quantitiles obvicusly considerably
too lerge. The flow condltions in the naturel chennel were computed
‘ u:um' the netural width end Mamning's formmle with & value of “n" of
0.025, which is en average velue besed on measurements snd computetions
of the U. 3. Army Engineers. The glope of the otreem was tnken from
the river yrofile and the 'mimproved widih wes talken from the best
evallsble maps. For the controlled channel a width of 600 feet was
used . The amount of material transported in suspension wee computed
by the Lane-ilalinske relations, assuming there wra only one percent of
thet size ir the bed and the bed load by the schoklitsch formile was -8
. computed Por sech size range, assuming that tlhe entire bed was composed s
' of that size of meterisl. The amount carried was taken as the averege :
: ‘ for the verious s!zes welghted mccording to the percents by welght which
. . each size fraction composed of the bed meterisl determined from the o
- borings. The amounts transported by the Kalinske formla were weighted i
according to the srea which each size rahge covered Iin the bed, as R
explained in the erticle %/ describeng thet formula.
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The amounts of bed and suspended load carried of each ralze fraction
was computed for beth present channel conditions and the contracted
chemnel for e number of dlscharges within the range of discharyes, as
Bhown by the flow-durstion curves,  Sedlment yating curves for each S

- 8lze fractlon were yrepared showing theoretical reletion of sediment ' &
discharge to weter discharge under these two conditions. The mesn E
armmual theoreticel sediment discharge for the present condition of the ;
stream was then computed by applying the values indiceted by the rating -
curves for tais condition to the dlscherges wunder mresent conditions :
a8 indicated by the flow-duration curves. The total quantity was taken
as the sum of the amounts for the various size fractions. ' The meen g -
ennual theoretical sediment discharge for the contracted channel and - S
regulated flow was similayly computed by combining the velues from the .
sediment load rating curves of the contracted channel with the vslues
from the flow-duration ocurve of regulated flow.

Step 3.--The third step wma to adjust the theoreticsl computed
carrying cepacity for the contracted channel to agree with the observed
carrying capacity of the natursl chammel. This was done by assuming
that the theoretical computed values for both present and fubure con-
ditions were in error by the same percents. The correotion of the
theoretical capacity for the contracted chennel was msde by multiplying
,i% by the ratio of the observed value for vresent conditions (2 350,000
. tons per year) to the computed theoreticel value for present conditlioms.
o] From the average ennual amount carr*ed, as thus computed, the equivalent
o depth over the stream bed was computed for esch s:ztion Into which the
e . river vag divided. A density of 100 pounds per cuble=foot, as determined
R by Happ 6/ wes used in this estimate. This was divided into depths of
S bed and suspended load by assuming that the average of the two computed
A bed loads wes correct eand the remainder was suspended load. This was
S done becauze it was believed that the everage of the bed-load formilae
PR Trobably gave a more accurate value then the susvended-loed formula.
& The depths of bed and suspended loed were then divided to give the
. dopths in each of the size fractions. For the bed loed,this was done
by assuming that size distribution was the same es in the everege size
distribution computed by the two bed-load formulee for the regulated
flow and contracted width. The size distribution for the suspended
loed was assumed to be the seme as computed auspendad doed  for the
same condition.

Step 4.--The depth in eech size renge carried out of the reach

S wes the adjusted depths computed in the previous step, if e sutfficient
s . depth of material of that size wes available in the turnover zone. If

o the devth wes insufficient, the total emount avallable wds carried out.
The local inflow of sediment In each size ronge, in terms of depth = R
over the stretch wes next cormuted, and 2 similar computation was mede’
of the depth for each size for the sediment carried away by the irrigation
water. The concentretion of sediment carried away by the irrigation
water was assumed to be half that of the computed suspended load in the
contracted channel for the next stretoh upstream. This reduction of the
concentration of suspended load was made to take care of the effect of
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sluicing at the headworks of the irrigetion canals. The chehge of bed
composition during the year was then estimated by computing the depth
of each glze renge remaining in the turnover zone at the end of the
rear, assuming that the initisl rate of movement continued throughout
the year. Tor each slze range this depth wea the ipltial:derth in
the turnover zone, plus the depth Mmought in by the oubflow from

the reach next upstreem, plus the depth brought in by local inflow,
minus the depth carried out by the irrigation water, minus the depth’
carried out at the lower end of the reach. '

Step 5.--The average bed composition during the first year was
next computed by assuming thet 1t was the average of ‘the initiel com-
yositicn end the final composition as computed above.

Step 0.--A revised computation of the depth of material trensported
in the contracted chamnel wes next made by repeating the latter part
of Step 4, uusing this averege bed composition. To facilitste this and
subsequent computations, a diasgram, as shown in the sample computations,
was drawn up, showing the depth trunsported (if avaliable) in esch size
range for each percent of that size in the turnover zome. This was
done by plotting on Cartesian or ordinery coordinates for each size,
the devth transported in che contracted channel, as determined in Step 2,
againgt the initial percentage in the turnover zome. - Streight lines
were then drawn through the origin of cocrdinates and through these
pointa. These lines indlcate the depths transported for all-other
bed compositions, assuming that the amount traunsperted is proporticnal
to the percentage of the size in the bed.

3ten 7.--The amount of degradation was next corputed by subtraoting .
from the total of the depths of the various size fractione in the turp-
over zone at the begimning of the period, the totel of the depths of
these gize fractlons at the end of the pericd. ' From:the depths of the -
various sizes et the end of the periocd, the initlal composition for
the next time veriod was compubed. The depth of the twrnover zone wes
assumad to decrease by the amount of materisl removed dy the degradation,
no new material being taken in at the bottom of the zone &3 the
dogredetlon continued. ‘

Effect of Various Assumptions

In working out the method used for estimating the degreadation rate,
it was necessary to make a number of assumptions., 3Some of the assumptions .
were made beceuse of lack of information on the true action, end some
were made in order to get the computation simple enoughsbo be yrazcticable
‘to cumpute. Some of these assumptions probadbly depart somswhat from the
true situetion, In the Tollowing, the probable result of these depertures
is considered. : V

The assumption that the inllow or sediment et Cochitl is neglijgidle,
i too favorable to high degradaticn retes, but -the amount iz very smell,
and therefore the error involved is also small.
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The assumption of a turnover depth of T feet in most of the sections
may be greater than the true amount for maximum flows of 5,000 ofs. S0
little data on this point are aveilable thaet 1t was not poesible to make
soccurate estimates. If the depths of turnover were less then 7 feet, the
estimates of degradation would tend to be too large, cs shown by the
results for a 3-1/2-foot turncver.

The asgsumption that the material on the auwrfsce of the bed wes
composed of material of the average compositinn of the turnover zone
probably gives too high a composition of fine sizes in the bed and thus
tends to give too greet values of material garried out of the bed.

The assumption that the removal of material lowers the bed in propoxtion

- to the welght removed nprobably results in toec Jmrge degradation velues,

gince the removsl of the filnea probably increases the voids and thus decreases
the density of the material, and henoc does not decrease the volume as fast
as the weight is decreased.

The assumction thrt all of the silt :.end clay sizee are removed the
first year is probably somewhat too favorable, but this materizl probadly
is removed in a comparatively few years.

The seepage 0f weter from the channel and its roturn at points farther
downstrean a3 dralinoge water tends to slightly reduce the degredation from
the velues computed.

The assumption that all of the matericl degraded flz;om the bed 1o
carried to the downstreom end of the meost downstream section without
deposit tends towerd too low an estirwte of degradation, since forr any
practicable method of controlling tho streem width some sediment would -
encepe from the channel and be deposited, and the clarified water would
return to the chanmnel agsin.

L1l of these assumptions excert the last tend toward producing
groater degredatlion rates than the time rate, and the resulting rate is,
therefore, probably too lerge in the upstreem sections. However, the
egtimation of too high o rate in the upstrean sections results in too
low an estimate for the sections farther downstream, and the total lwering
is probably not far different from the true values.
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Appeadix II |
DEPYH OF RIVERBED SCOUR DURING FLOODS

:
{

One of the uncertainties in sstimating the rate of degradation which
will take place below the sediment storage dams proposed in the ifiddle Rio
Grande Valley is the depth of the riverbed material which is moved by the
river during high flows. As discussed slsewhere in this report, it is
expected that the clear water released from the reservoirs will pick up
material from the bed of the stream downstrsam from the dams and earry it
on dovm the river, causing the riverbed to be lowered because of the
removal of this transported waterial from it. Observations below Hoover
Dam indicate that the flow will carry away a larger propertion of the finer
particles in the bed than it will carry of tho coarser particles, with the
result that the particle size composition of the bed material will yradu—
ally becaume coarser, ror exarple, Fimure 1 shows the increase in size of
the bed material at Section 8, a short distance below Hoover Dam, Since
a given river flow can carry a lesser volume of coarse material than it
can carry of fine material, this coarsening of the bed will cause the river
to carry away a continmually smaller amownt of material as time goes on and
the coarsening proceeds and thus rapidly reduce the rate of degradation,
After a certain period of time the lowering of the bed will be negligible,
The rate at which the fine 'sand is removed and the length of time before
the degradation rate becomes negligible depends upon the depth to which
the riverbed is scoured during hign flows, since the amount of fine material
which can be removed by the river depsnds upon the depth of the material
which cones i1. contact with the flowing water and thus can be .carried awaye.
If the depth of scour is small, only a little fine material can he carried
away before the bed hecomes covered with cecarse iwaterial, but il the depth
is groat, a large amount will be carried away before the bottom becones
too coarse, The removal of the small amount in the case of the smzll depth
of scour will lower the bed mueh less than the removal of the larze amount
if the deptn of scour is great.

Condltions on the Rio Grande

The iliddle Rio Grande is a steep stream and carries a heavy sediment
load. It is wide, shallow, and relatively straight. The channel is fre—
quently divided by islands, or takes what is know. as & troiceo pattern,
although it is very wide and shallow in some stretches and narrow and
deecper in other stretches. In many respects it ressmbles numerous other
rivers found in the Western United States.

Over the past, forty years, the discharges of the Rio Grande and other
similar rivers in the western states have been determuined thousands of
times in high and low water conditions. In sach of these measuremenis the
cross—ssction was determined by freguent soundings across the ‘strean bed.
It has zenerally been observed at these easurement sections that as the
flow of water in the stream increases, t.e depth of the flowing water
increases morec than the water surface lovel rises. This indicates that
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the bottom of the stream has been scoured out. It is not uncommon for the
bottom to lower twise as much as the water surface rises, VYhen the flood
crest is passed and the flow decreases, the bottom begins to £3i11 in, and
when the flood has passed, the botiom has risen substantielly back to the
level which existed before the flood, This is shown by Pigure 2 which
gives the changes which took place in the riverbed at the San Marcial
gaging station on the Rio Grande River during the year 1929, Similar
changes have so frequently been observed in the Rio Grande and other rivers
that it is the general impression of many experienced stream guging men in
the western states that this is a general aotion of the channel for streaus
of this type. They believe that when a flood comes the bed of the stream,
at least for the greater part of its length and width, scours down mate~
rially, and refills as the flood recedes, This is an opinion widely held
by men gaging the fio CGrande River, and it is reinforced by observetions
that piles 40 feet long driven with most of their length below the stream
botton are occasionally seen to rise suddenly in the water and float away,
and bridges resting on 60—foot piles have been washed out during floods,

Conflictingy Bvidence

The evidencc of the experienced siream gagers and other local
observers seen.s quite eonelusive, but when one starts to examine the situ-
ation quaniitatively he rans into come surprisiipg evidence which raises
serious question as to the accuracy of this general impressicn. If the
Rie Grande scours down several feet over suostantislly its entire width
and length, it must move 2 very large quantity of material down the river.
Practically all of the material transported by this stream is deposited
in the Zlephant Butte EKeservoir. Frequent measurements have been made of the
volume of sediment bein;: deposited in this basin and the ancunt is kmown
with reasonable accuracy, ‘hen we compare this amount with that which
would liave to be moved intc the reservolr with an average depta of scour
over the riverbed of a considerable depth, say 1.5 feet, we find tnat the
amount actually deposited is very much less than would occur with this
scour. e thus have the conflicting evidence of the scour observed by the
stream pagers and the lack of a corresponding amount of material deposited
in the reservoir,

In quantitative torms this conflici may ve shown as follows: The
seciion of the Rio Urande River {rom vechiti to San Marcial has & length
of 160 miles and an average width of 1,170 fest, giving it & surface ares
of 22,700 acres., For each foot of average depth of scour, assuning that
the materinl scoured out moved as fast ac the water, a volume of 22,700
acre~feet would, therefore, be carried into the lake. The average amount
of material carried into the lake per year is 18,276 acre-feet, of which
only about 1,828 acre-feet are composed of sand and larger sizes, such as would
be scoured out of ths stream bottom, Since floods sufficient to scour the
riverbed occur practically every year, it ies evident that the average .
deptl. of scour during floods, eveu if all the deposited coarse materi:.i
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is assured to Lo moved out of the bed, is only about 0.02 fect. If the much
smaller anriual loads carried into the lake above Elephant Bubbe Dam in recent
yeurs is used, instecad of the long term average, the depth would be much
swaller than 0,08 feel. It may he agreed that the solid material does not

move a5 fart us the water, and this is no doubt true to a small cxtent, How=
ever; with the high concenilrations which would Le necessary for the transporta-~
tion of the auwount of material involved in. the movement of considerable depths
Of =coured material, the resistance to the flow of the weter as it passed
between Lha slower mgving particles of this material, would, if the solid
materisl suoveo appruclabiy slower than the water, be so great that the slope

of the river would nol supply enoush enerpy to accomplish ic, Moreover, the ..
particles could not long continue to move ab uuch slower velocity than the
water, excepl as they come in contact with the bed, since Lhere is only their
inertia to keep them from acquiring the same velocity of the water,. Therefore,
all the maborial except Lhe small part of coarser particles which ‘come in ‘
frequent contact with the bed, must move with substantlally the same velocitly
as Lhe water. o | : :

anothier reason for questioning the existence of large depths of scour
over substantially the whole of the sbireambed area is that the measurements
of sediuent concentration made in the river do not slhiow sufficiently high
values to account for so great a transportation of material. Below the mouth
of the Rio Puerco the coucentrations are hiszh, due to the tremendous sediment
~oad of this siream which is probably the carrier of the highest sediment
concentration in the United States. To have a bed lowering of 15 foct in
ceptl:, over half of the channel area would reqguire corcencrations of the order
¢f 50 percent by weirht of solids for a discharge of 7,500 cfs. For a discharge
of 0,000 cfs, the bud would lower /.0 feet to produce the same concentration,
Lven Lelow the mouth of the Fuerco such concentrutions have not been obaserved,
anc above tihe buerco nollidng approaching it has been observed.

study of uvvidence from Uther Sources

Since the data available from the Rio Grande Rive - vere so conflicting
hat 6o sabisfactory quantitative values could be oblained, i was decided
to make a2 seneral study of the available lilerature bLeariug on this subject,
With 4 view Lo obtaining more light on this point. The following is a
swamary of the principal information brought out by this investigation,

This study disclused thab very few measurements for the Zrimary
purpase of devlemining gencral bed scour have been made. Most of the data
available have Louoen secured from measureisents made primarily for other pur-
posts, such as frow- sireasn dischiarse or surveys Lo ceterusine depths
avaitaoie for navigation, Ubservalions of local scour, such as those at
bridege ciers or abuinents, are of no value in determining ihe =zencral bed
scour wiLth which this soudy 1s concernsc. The avalluble cata seem to deal
with two eneral classes of rivers, lurige rivers, of suall or nccerate B
slope, like the Mississippl ancd the dissouri, anc swaller rivers of steep

slope, such s one frequently finds in the ‘Vestern United States.  The
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situation in these two types of streams differ somewhatie 'l‘he largar
rivers, if they flow in alluvial beds, consist of o series of bends,
hetween which are stretches of more or lesn straight river. In the
straight sections the main channel of the river usually crosses from one .
side of the river to the other, and the place where it does is called a
erossing. At ordinary stages the bends are usually deep and relntively
narrow and the crossings are mder and shallower, ,

In Piguyre 3 are ahowm'd ramatically (A) a typical cross—section of :
a large river at a bend and (B) a typical cross-section at a crossing.
The water level at medium stages is represented by the lines b and b', and
at high and low discharges by a and a' and ¢ and &!, ‘rospectively. At
iredium stages the cross—sectional area of flow is about ‘the same irfbtoth
cases and the velocity of flow is consequently also about the pame, In’
floods the water level rises to a and &', a rise of approximately the same
height above b and b!. DBecauge the width in the crossing iz considerably-
greater than in the bend, the rise of water level inoreases the cross~ «
“saction in the crossing more than in the bend, and, therefore, makes the
total cross—saectional area at the: croaaing rreater than at the bend, This |,
causes a lower velocity at the .crossing than at the bend, and therafore BIRaR
tends to produce less scour in the eroasing than in the bend In low-
water the opposite action takes place. The areas in the bende become.”
large? than in the crossings and more scour takes place on the crossi.nge. :
In high water, then, the pools usually scour out and at the crossings
depos:.t takes place, while during low waler the erossings’ a},ou;"ont and
the bends £i11 up. This is a well-established phenomena in’large alluvial
rivers, Since the conditions in the Hio Grande differ considerably from
those in the large rivers mentloned, it was not imcen to what exbent t.his
action glese takes place in that stream. \ N

Bed Scour in the Rio Grande S .

That the bed of the Rio Grande is lowered in time of floods, at least
at certain points, is shown by the crossesections sham on Figure 2,
These represent the bed of the river under the Santo Fe Railroad Dridge. at
San Harcial in 1929. Some of the sections were taken during the large
flood of that year. The stream is contracted to some extent here at high
flows and the presence of bridge piers no doubt increases the scour, the
tendency of the bed to be deeper near tne glers being .evident on the
- sections, These piers are set at an angle with the direction of rlow,
which no doubt increases aomewhat their scouring effect. )

During the release of water from the El Vade Raeemir, in Novcmber
and December of 1946, frequent measursments were made of discharge and
flow ares at Bemal:.'llo , Albuguergue, Belen, and Bernardo, on the main
stem.of the Nio Grande River, by the United States Geclogical Survay and
U. S. Bogineer Departinent., The discharge reached about 2,500 second—
feat and coneiderable bed. lowering was observed at each station, The

neximum increase in area at these stations above the area when the
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rolease started was about 230, 3140, 350, and 550 square feet, respectively.
This increase in area did not follow consistently the increase or. decreasc
in discharge. At the Bernalillo and Albuquerque stations it varied
rapidly up and down with a nearly constant discharge, the range of these
rapid flictuations reaching as much as 150 square feet. The Albuguergue,
Belen, and Bernardo measurements were made from bridges where the piers
no{doubt somewhat inoreased the ccour and those at Bermalillo from a~

cableway. Al this point the river is narrow and curves somewhat w:lth a
scour resisting bank on the outside of the curve,

R

Ccnsiderable data on the scour at stroam-gaging s tations on the Rio
Grande could no deubt be obteined from a study of the soundings taken.at .
discharge measursments on the river during floods, Tiwme for this purpose
was not available in making this study, but it is believed that sucha
study would be amply justified and would furnish much information of
value,

Bed Sggur on the Colorado River

- Discharge measurements have been made on the Colorado River at Yuma,
Arizona, since 1878, The large lowering of the bed which occurs at this
station during flocds has been widely known and has been partly respoli.
sible for the impression that the river bottom of such streams in floods
scour deeply. Some of the flow oross—sections for the years 1912, 1916
and 1929 are shown on Figure 4. In zeneral, the maximum increase in
depth at the section is about twice the rise in the water surface. These
measuraients wers made by a cableway at a very narrow sectlon of the
river, where one or both banks are of scour resisting material. The hed
is of very fins sand,

In striking contrast with the large bed lowering at the Ywsa station
was the situation at the site of the Imperial Dam, A cable station was
operated here for a short period before the dam was constructed. During
this period the flow reached a maximum of about 65,000 second-feet,
Although the bottom shifted considerably, being higher first on one .side
and then on the other, there was no appreciable change of the mean
bottom level. This station was located about6 milese above the Lagunm
Dar where a rixed masonry crest extended entirely across the river, and
rignt exercise some influence on the cross—section at the measuring
cabls,

Other Examples of Bed Scour

Cn Figure 5 are shown cross—sectlons ?t two statione on the Yellow

River in China deccribed by J. R. Freeman (7), which show the lowering
of the'bed of this stream during a flood. Theae were taken at gaging
stations where the river was probably narrow. At cne.of them, rock was
exposed nearby on one bank,. Cross-sections of the Verde River near -
Fort McDowell, Arizona, are given by . No Holmquist 8) which show &
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coneiderable Jdeepening of this siream at high flows. 'This "ragins station
is locatad vhere the river runs between rock banks and is confined tc a
conparatively limited wldth." During the excavation for Hoover Dam a sawed
ami planed 2— by 6-inch plank was found in the riverbed raterial 50 feet
below low—rmber surface and 40 feet below the bottom of the river channel.
This showed that at some comparatively recent time the river in this canyon
had scournrd out the bed to ths depth of this.plank.

e

Analysis of AvailaMle Dgg_;_;.

/

An examination of the foregoing data shows that, at most of the gacing
stations mentioned, the bottom unquestionably poes down considerably at high
flows, All of the cases where the bottom went down were either, (l§ at
bridges where the presence of piers-wwwld induce scour, (2) stations where
the river was narrow, or (3) where it was probably narrow because measuring
stations are usually where the iiver is narrow, The only place whsre a
stream was measured {rom a cebleway and where it was definitely Bmown to be
at a2 seciion which was hot contracted, was on the Lower Coloradio River at
the site of thie Imperial Dam. At this point no lowering of the bed was
observed, but there is a slicht chance that the conditions at this station
mirht be influenced by the dam 6 miles downstream., We also have the .evi-
dence from the volume of material carried into th:e Elephant Butte Heservoir
that nc great average depth of material is scoured from the Rio Grande bed
in floods and carried into the reservoir. Evidence pointing to a similar
cenelusion is the fact that the concentrabion cof sedimsnt carried in most i
streans in floods is insufiicient to carry th2e amounts excavated if the
lowerings indicated by measurements at most maging stations are typical of
the whole length and width of the river.

An explanation which is consistent with all the ouserved data except
that taken at the site of the Imperial Dam is that the river behaves as 7
described by F. H. Holmquist in the article previously quoted. He believed
that rivers of the type under discussion in floods excavate a deep channel
over only a portion of their width, depositing the material excavaied in
the shallower portions of the channel a short distance downstream.. This
deep channel he believed tends to approach the outside of the bends and
thus, in flowing downs¥ream, it way cross from one side of the river
chamnel to the other, It constantly shifts in position usually by side
erosion, but occasionally by avulsion (a compiete and eudden abandorment
of a portion of its forwer course and adoption of a new channel),

Observations during the Rio Urande Flood of lay 1948

After the foregoing studies were completed, an opportunity was had
tc observe both from the pround and the alr the conditions durin;; the
flood at the end of lHay 1948, at which time tne flow at Albuquerque
rezched about 13,000 second-feet. A flight over the river fron Cochiti
to the Zlephant Butte Reservoir was partidularly illuminating.
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A special effort was made during these obscrvations to determine the
exi sbence of a narrow deep chamnel, such as that described by Holmquist,
but no eviderce wag found of such a vhenomenon, The fact that the location
of bridges and caging stations is nearly always at narrow sections of the
river, however, was oefinitely established. That thiese narrow sections scour
out during floods seemed very reasonable, but it appeared to be aep031teo
at the next wide saction downqtreah, and not carried on down the river.
This e:planation would fit in with all of the observed data, which tends
to confirm the accuracy of thig tentative conclusion,

lecessity for guantitative Data on Rio C.ande bed Scour

Thie atlempts mude Lo estimate the rate of degradabtion which will occur
after the cusmpletion of vhe sediusient storape reservoirs as described else-
vhere in this report, have rhown that in order to make guantitalive estisates,
it is necessary Lo kuow Lhe depth and width of the waterial worked over by
the streaw, =ince it is by the removal of the fine particles from this
portion of the siream Led which causes cegradation. These attempls have
not disclosed any method of deterwining the lowerlny with a saticlactory
degree of exactness without this xnowledye, 1t is, lherefore, imperative
that further studies be made to quantitvatively deternine the nagnitude of
this movement.

The studies necegsary to get the reguired information should be along
three lines of approach as follows:

(L} & detailed analysis of the bottom scour st siream paging
stations on the kio Grande and sladlar streams, particularly where
measurenents were made from cablewars.,

(2) The installation at numerous peints in the oed of the hio

rande o vertical cores of colored sand, tie position of which was
tied in to fixed points on Lhe bank. fhese should be luczted both
in the narrow and wide sections. after hipgh floods the position of
these cores would be relocated and excavations made to determine the
depth to whiech they had been washed gway, and thereiore the dJepth of
the ued which had been worked cver. These will ghiow whelher the
riverbed scours down: at the wide as well as al '"he narrow scctlous,

(3 i cdetailed study of the bed materiul and depith of degradation
which hLas ovccurred ir the Colorado REiver below Luke Nead, to show the
depth of saterial worked over in the degradation which tas uvaken place
in that strean. .
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Vg&llg of These Studies in the Solution of Other Problens

The data which would be secured from the studies out]ined above would
be of great value in the solution of many other problems which arise in the
vork of the Bureau of Reclamation. For example, a knowledge of the nature
and extent of the lowerinz which takes place in the Rio Grande in high
flows would bc of the greatest assistance in working out the best method
of confining the river below the sediment storage dams, in order to induce
a more rapid rate of degradation,

A method of determining, with reasonable certainty, the degradation
which will oceur below any dam provided on a movable bed river is one of
the greatest needs in the Bureau's design department. To provide a safe
design for a considerable lowering of the tailwater level at these dame
often greatly increases their cost, and should not be done unless neceesary.
However, if lowering is not provided for and it oocurs, expensive repairs
aor the failure of the structure often resultayr The data Irom the studies
outlined would be of great help in working out such a method of estimating
degradation,
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Appendix III .

EFFECT OF TEMPERATURE ON-SEDIMENT TRANSPORTATION

L 4

Szdiment Fluctuations in the Lover Colorado River

The record of sediment discharge above the Imperial Dam reservolr on
the Lower Colorado River shows a surprisingly much larger load of sediment
in winter than in sumer for approximately the same water discharge. This
was first pointed out by R. E. Goss., Since the only obvious difference in
the conditions at these two times of year is the difference of the tempera~
ture of the water, these results raise a serious question regarding the ‘
effect of temperature on the transportation of sediment in flowing streams,

The results of these sediment observations are shown on Figure 1, which
gives the water discharge, ‘water temperature, sediment concentration and
sediment load at Taylors Ferry from 1943 to 1947, inclusive., It will be
noted that for a given discharge, the sediment load may be as much as 2-1/2
times as great in winter as in summer. The conditions in this strstch of
the Lower Colorado River are exceptionally favorable to indicating any effect
temperature may have, as the number of variables which mipght effect the
sediment load is much less than in most r’iers. - This station is located
downstream from the Hoover and Parker Reservoirs, in which the sediment
coming down the Colorado is deposited, and clear water ia discharged from
them. Because of the regulating effect of these two reservoirs, the flow
of the river is unusually uniform, There ig very little local inflow botween
the Parker Dam and Taylors Ferry and the sediment carried by the river is
elmost entirely picked up from the stream bed., Approximately 70 psrcent of
this load is composed of fine and very fine sand, This stream is therefore
much freer than most streams from great fluctuations of water discharpge and
of load of sediment brought into it by tributaries. Because of the relatively
constant conditions, the effect of temperature would be much more apparent
than in an ordinary stream.

It will be noticed that although the sediment concentration fluctuates,
being generally larger in winter than in summer, there is distinct tendency
of the sediment concentration and discharge to become smaller with the passage
of time, This is due to the gradual coarsening of the riverbed from which the
load is picked up. Size anslysis of the bed and suspended ssdiments snowed
that they gradually become coarser, as shown on Figures 2 and 3, respectively.
As the bed became coarser, the water was not able to pick up as large a load
as before, but the particle size of the mateorial that jt did pick up was
coarser. The principsl changes in sediment lcad were therefore due to the
changes of water discharge, the coarsening of the bed, the changes of tempera~
ture of the water and some other unknown cause which fluctuates with the
seasons and may be whelly or partly the effect of temperature. Although
temperature appears to be the most likely cause, so far as known no experiments
have been made on the vransporting power of wabter, in which only the tempera-~
turc was varied. Until such experiments are made it cannot be positively
stated that temperature is the cause, and pherefore the cause must be regarded

as unknown,

37




200,000

100,000

50000

30000
20,000

NTH .

o
[@]
-Q
o

5,000

3,000
2,000

\

% SEDIMENT BY WEIGHT

% Sedimen

¥

.

LOAD- THOUSANDS OF TONS PER MO

TEMPERATURE - °F

DISCHARGE - THOUSANDS OF C.FS.

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

SEDIMENT STUDIES

COLORADO RIVER BASIN

SUSPENDED LOAD AT TAYLOR'S FERRY

orawn OS.H .cHECKED OATE 6-29-48

FIGURE 1
SUSPENDED SEDIMENT DATA COLORADO RIVER

v




AN e A Gn - e R o e W a et g o g s i 5 - oa e o . R e

The Magnitude of the Fluctuations Due to the Unknown Cause as Shown b

Lo 1 Data

An attempt was therefore made to compute the magnitude of this effect,
by eliminating the effect of the variation of water flow and stream bed
coarsening, The first step wes to eliminate the effect of water discharge.
From many observations it has been found that the sediment load in natural
streams varies.roughly ag the souare of the discharge. This was expressed
by an equation Q. " K Qw s Where Qg is the sediment load in tons per day,
Ka i8 a constant and &w'iS‘the water discharge in second-feet, The vsalues
of Ko ware found for all the sediment observations and plotted against calendar
time as indicated on Figure 4. This shows approximately what the relative
magnitude of the sediment load would have been had the discharge been uniform,
An average line A-B was then drawn throrgh the values of Kg, sloping gradually
downward to indicats the approximate variation which the value of K_ would have
had if this unknown cause hLad not been prusent. The slope of the line~and the
lower values of K, represented by it, as time went on, are due to the coarssning
of the bed. The ratio of the values of K, as computed from the observed data -
.to the value of Ko obtained from this average line should give a comparison
of ths magnitude of the fluctuations due to the effect of this unknown cause,
Assuming that this fluctuation wes entirely due to temperature, the maognitude
of the ratio of the fluctuating K, velue to the gradually changing K, value of
the average line was plotted against the water temperature at the time of
observation, with the result given on Figure 4, .This shows that the ratio
decreased with increasing temperature at a rate sufficient to make the average
load at the time of lowest temperature about 2-1/2 times the average load at
the time of highest temperature. It will thus be seen that whether or not
this fluctuation is due to tewperature, it is of so large a magnitude that
its cause must be determined 1f accurate snalyses are to be madse of many .
sediment actions in the Lower Colorado River, and probably in the Middle
Rio Grandse as well. The sediment load shown on Figure 1 is the total load
carried by the stream. An attompt was made to determine whether ithe effect of
this cause was the same on particles of different sizes. To do this the total
load was broken into four parts, each part composed of particles of a small size
range, the four parts covering the entire range of sizes carried, which was from
0.044 mm to 0.589 mm, The load in each size rangetwasbanalyzedﬁin'the same way
as previously described for the total load. For sizes from 0.0hh'mm.to 0.295 qP
the temperature effect seemed to be very close to that shown on Figure L. For the
size 0.295 mm to 0.589 mm the change with temperature was negligible,

The Magnitude of the Fluctuations Shown by 1935 to 1242 Data

The results showp by the 1943 to 1947 data were confirmed by the data
collected at Red Cloud Cable, Taylors Ferry and Imperial Damsite for the years
1935 to 1942, inclusive. During these years the sediment load and water discharge

were determined by measurement, but the water temperature was not recorded. In

i . : ture throughout the
working up this data a curve of the fluctuation of tempera . :
year was drawn up by averaging the temperature as determined for ‘the years
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1943 to 1947. ' Using the temperature indicated by this curve for the date .
on which each measurement was taken, Figure 5 was plotted, in the same manner
as used in securing Figure 4. This shows practically the same fluctuation
of sediment load with temperature as obtained for the years 1943 to 1947,

Experiments on the Effect of Tg_nggl rature

The only experiments dealing with the effect of temperature on the movement
of sediment were those of Hg 3/, who experimented with the movement of. coarse
material in a glass-walled flume in Germany., He used water with temperatures
ranging from 2° to 45° C, and found very much greater movement of material
at higher temperatures than at lower temperatures. This effect is just the
opposite of that found in the Lower Colorado River, where the movement was
greater at lower temperatures. In his analysis of his results Ho does not
allow for the resistance of the sides of his flume. Hy's experiments have
been analyzed by Einstein®, who found that when this resistance was taken
into account, allowing for the effect of temperature on its magnitude, the
movemeny of sediment was practically the same at all temperatures for the same
shear on the stream bed. ‘

Temperature Effects in Sediment Transportation Formulae

A study was also made of the effect of temperature on the transportation
of sediment as indicated by the various formulze which have been proposed for
computing the amount of sediment which would be trensported by a stream of
flowing water. The formulas of Schoklitsch :2/ and StraublQ./ do net consider
any temperature effects. The bed (material) load formula of Binstein 11/
shows a small cffect, -the load decreasing with decreasing temperature, The
magnitude of this effect decreases as the particle size of the material carried -
Jincreases, The Lane-Kalinski _3/ relations for suspended load consider no
effect of the temperature on the pickup of material from the bed, but show
decreasing transport of the: material in suspension, with increasing tempsrature.
This difference is proportionsl to the change of settling rate of the sediment
particles with temperature, due to the change of the viscocity of the water,
The Kalinski -4/ bed-load formula shows a very slight effect of temperature,
due to the change of density of the water with temperature, . . :

3 i .

Since the load of the Lower Colorado River was carried in suspension,
the results should be analyzed as a problem-in suspended load movement. The
fluid mechanics of this phenomenon is now fairly \\rell1 understood as regards
the transportation of the sediment particles after they have been raised from
the bed into suspension by the effect of the turbulence of ths water, but a
satisfactory analysis of the ralsing of the particles from the bed has not
yet been worked out. The effect of temperature on the-trmaporg:ation of

9 Numbers refer to' references at end o{ report
# Unpublished : ‘
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sediment already in suspenqion is due to i{s effect on pax@iclp settling rate,
as mentioned above, but the magnitude of these effects are much less than
those indicated by the Lower Colorado River observations. For example, in

a stream of 15 feet depth and velocity 5,72 feet per second with a concentra-
tion 0.2 percent at 1 foot above the bottom, the amount carried at 30° C,
would vary from about 80 percent to 90 percent of what it would carry at

10° C, for sizes of uniform sediment, ranging from 1/4 to 1/6 wm, respectively.

If these Colorado River effects are due to temperature, since the
temperature effects on transportation of sediment already in suspension are
of much lesser magnltude, it follows that most of the effect of temperature
observed in the Colorado River results is due to the temperature effect in
the picking up of the material from the stream bed.

-

Conclusion

From the foregoing discussion it seems very probable that temperature
has a material effect on the transportation of sediment by a flowing stream,
at least under the conditions which existed in the Lower Colorado River,
since no other explanation of the fluctuation of the sediment load with the
seasons there is readily apparent, However, until experiments are performed
showing this effect under controlled conditions where the effect of changing

only the temperature was observed, it would not be scientifically sound to
conclude positively that temperature was the cause., In any event, until this
matter is settled, a large measure of uncertainty must remain in any computa-
tions of sedimsnt movement in the Middle Rio Grande Valley.
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SAMPLE GOMPUTATIONS SHOWING METHOD OF COMPUTING
DEGRADATION OR AGGRADATIUN ON THE MIDDLE RIO GRANDE RIVIR

The following tables and figures show the method of computation as
described in Appendix I. :

Figure 1 shows the method of adjusting the normel flow duration curve
Lo a curve of 5,000 cfs maximuu flow, This adjustument was made by keeping
the areas under the two curves equal. Table A shows the division of the
flow into suitable increments and the percentage of time each increment
can be expectad to occur,

Table B shows the method of computing theoretical suspended load
according to the Lane and Kalinske relations., Figure 2 is a graph of the
relationship between te and NoP/l,, that is used in these computations.
From these results Figure 3, Sediment Discharge Curve, is plotted. From
curves in Figure 3 and the flow duration, the computations shown in
Tables C and D are made to find the amount of each size and total load
carried for the 600-foot width and 5,000 cfs maximmm discharge and the
1,200-foot width and normal dischargs.

These same steps for the Kalinske bed load formula are shown in
Tables E, F, and G, and Figures 4 and 5. The Schoklitsch formula computa-~
tions are covered in Tables H, I, and J, and Figure 6.

The load adjustments described in Step 3, Page 21' , Appendix I are
covered in Table ¥ and Figure 7. The balance of the degradation computa-
tions are shown in Table L for three periods.

......




Table A

RIO CRANDI DiGRADATION STUDIES
FLOW DURATION CALCULATIONS

NORMAL FLOW
! }

REDUCED FLOW
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Table C

RIO GRANDE DEGRADATION STUDIES
. SUSPENDED LOAD
LANE AND KALINSKE FORMULA

Basic data Width 1,200 feet
Slope 0.00096 .
nph 0,025
Temperature 500 F e
Size gradation from average of two borings Ho. 37 and No, i
Normal g;ow du;dblon at San Fel;ge SN
tFlow: B BE
Gy (dum~ q .093!5,mm : 1875 mm s ,375 mm : o
N Cfs ition: Cfs/ : 3 : : : 2 =
- el T % 1% e G tg iQ
: : : ! : : : :
/ 2,0: 0.1: 0.200: 0.22::0.005: 0,0022: 3 H
= 2452 0.1: 0.204: 0.23: 0,005: .0.0024: : : y
/4» 325: 2.8: 0.27L: 0,38: 0,22%: 0,0050: 0.019: i :
4T' L452: 7.0: 0,377: 0,68: 1.,022: 0,0122: 0.116: : :
| 558:10.0: 0.465: '0,98: 2,105: 0.0187: 0.254: : :
l : 665:10.0: 0,554t 1.33: 2.856: 0.0285: 0. 387: ¥ :
; 780:10.0: 0.650: 1.75: 3.758: 0.042 : 0.57L: P E
920:10.0: 0,766: 2,32: 4.983: 0.062 : 0.842: : : S
| 1100:10.0: 0.917: 3.15: 6.765: 0.093 : 1.264: : ' &
] 1365:10.0: 1.14 : L.5 : 9.665: 0.153 : 2.079: N
4 1890:10.0: 1.57 :+ 7.6 :16.323: 0.305 : 4.144:0. 0033 0. 062‘ "
1 3275:10,0: 2,73 ¢+ 18.3 ::39.303: Q.97 :13.180:0,017 :0.319: -
; 5850: 5.0: 4.83 : 44.5 247.786: 2.95 :20.041:0.085 :0.797:
8700: 2.0: 7.25 : 80 :34.363¢ 5.8 £15,76110.218 :0.204:
12550: 2,0:10.5 135 :57.988:10.8 :29.349:0.46 :1.726:
16450: 0.5:13.7 190 :20.403:16.0 :10.870:0.73 :0.685: e
19500: 0.4:16.2 :225 :19,.329:20.5 :11.142:1.00 :0.750: ~ B
21600: 0.1:18.0 ‘275 t 5.906:24.0 t 3, 261 1. 18 10.221: " IR
) : s ; TOTAL 10AD
"!'ot.alioad T/yr/ft T 272.789: 113 280 Lu,T6h:
Toval load T/yr 327,347 135,936  : 5,7 469,000 T/yr
~ Percent of total load 69.79 : 28,98 1,22 :

Qg = average water discharge in cfs for percent of time shown under fiow
duration taken from flow duration curve
. @y = water discharge in cfs/ft width = Qu/width
- Gg = sediment discharge in lo/hr/ft width read from sediment discharge graph
j Ce = sediment discharge in T/yr/ft width = N
- - (qs)(24)(365.25)(% of size in bed){flow duras tl-x '

- : 2,000 100




Table D

RIO GRANDE DEGRADATICN STUDIES
SU..:P}:I! IDED LOAD
LA, AKD MALINSKE FORMULA

Basic data: Width '600‘feet ; «
Slope 0,00096 :
p 0.025 :

Temperature 50° F

Size gradation from average of two borings
Jb 37 and Mo 51

Flow duration at San Felipe adjusted to
5000 cfs max :

:Flow : : : H :
. dura: t 09375 mm 75 mn 375 mm s
“h¢ ttion : 9w : ds : Wg  : qs g : 9 : <g

240: 0.1 :0.400: 0,760: 0,01 : :
2L5: 0.1 :0,408: 0.765: 0,016:0,0132: 0,002: : :
. 375: 2.8 :0.504: 1,12 : 0,674:0,023 : 0.088: : :
452: 70 04754 2425 ¢+ 3,383:0,060 : 0,571: : :
555:1060 :06930: 3022 :  6,916:0,067 ¢ 1.318: : :
665:10,0 :1,108: 4a35 : 9.342:0.145 : 1,970: :
780:10,0 :1.300: 6630 : 13,531:0,202 : 2.,7,5:0,0018: 0.034
920:10,0 :14533: 7430 : 15,878:0429 : 34940:0,0031:0,058:
1100:1040 :1.833: 9.7 :.204333:0,425 ¢ £5.775:0.0053:0,099¢
1500: 5,0 324333:14e3 ¢ 15.356:0.60 : 4.076:0.0105:0,098:
1910: 5.0 :3,133:23 P 245699:3.29 : 8,764:0,026 10,244
3005: 5,0 :5,008:61 : 65.505:4423 1 28.737:0.091 :0.854:
. , 3995: 240 16,658:71 1 30.497:5.00 : 13,587:0.180 $0,675:
o 4415 3,0 :7,358:81 1 52.189:5,9 : 24,050:0,222 134249
S L765: 3,0 :7,942:91 ! 58,632:6,8 1 27,718:0.264 :1.486:
';n{ 4950 3,0 :84250:96 : 61.85L:742 1 29,349:0,283 :1,593:
. 5000 14,0 u.333=97 291.658.,.3 138.802 04290 7.€16 .
| : TOTAL LOAD
s Total T/yr/ft width 6/0.799- 291 55& 1&.006?
2 Total T/yr LO2, 467 : 174,932 : 8,404 : 585,803 T/yr

6:0.01301 0,002,
6

Percent of total load 68.70 : 29,86 : er;@h :

Oy = average water discharge cfs for percent of time shown under flow
duration; taken frem flow duration curve

o e

= water discharge cfs/ft width = Qy/width
. Qs = sediment discharge in lb r/ft width read from sediment discharge graph
ig = sediment discharge in T yr It width =
. (cs) (24)(365425)(nercent of size in bed)(flow durgtlon2
£ 2,000 100
7
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Table B

NIDDLE RIO GRANDE DEGRADATION STUDIES

ED LOAD

KALINSKE FOuMULA

Besic Data: Slope S = ,00096
Manninge ®n" ,025
Temperature 50° P
! H ¢ Dia Dia H ~ rc =t :
: : o o v e £ e . / i Y
3.25 0.182:0. 0150 0.0876:0. 09375 ;0. 0003076:0. 003091:0 ahé:o 505 ¢ 91.197
: : :0.1875 :0.0006152:0.007382: 0.492: 0.308 :111. 93
! : :0.375 :0.00123 :0.01476 :0.984:0.103% : Th.
: 10.75 :o.oozhs :0.02952 :1.968:0. 0058. 8. ‘oc
' 1.50 0.00:92 :0.0590L 3 936 :
H

0. 50 0. 330 0.300 !ﬁgﬂiﬂ!:o 09375: 0.0003076 0. 003601 0.123:0.640 : 163 933

10.1875 10.0006152:0.007382: 0.2k6: 0,505

1258.759

:0.375 :0.00123 :0.01476 :0.h92:10.308 :315.560
10,75 o 00246 :0.02952 :N.GEL10.103 :211.110
'1 50  :0.004g2 o 0590k : 1. qss 0. 0055 23.825

1. oo 1. sh o 0599 0. 1756 0. 09375 0. 0003076 0: 003691 o. 062 :0. 750 271 697
:0.1875 :0.0006152:0.007382: 0.12%: 0. 6Y0 :463.715

‘
-

:10.375 :0.00123

10,75 :0.00256 0. 02952
:1.50  :0.00452 :0.0%90L
3 00 o 00984 o 11808

10,0176 :0.246:0.505 :731.626

10.492: 0,308 :892, Lok -
:0.984:0. 103 1596. 882
1 968 0. 0058: gr.214

2. oo-" su o 1198 c.2kg 10, 09375: o 0003076 0. 003691 0. b}l 0.830 : s 42l 586

:0.1875. :0.0006152: 0,007382:

u.ooi&ss ;0.2396§o.351

10.375 :0.00123 :0,01%76
10.75 :0.00246 :0. 02952
11.50 :0.00492 - 10.05901{,:
13.00° :0.0098% :0.11808
:16.00 o 01968 .:0,23616

: 10.375
H :0.75
: t1.50
: 3.00
0 16.00
! 12,00

:0.123: 0,60 43
:0.216:0.505 £0

0.062:0.750 :767.L42
416
287
0.1453:0.308 £520.536

10.986:0.103 1685722 .
:1 071 C.0087: 13665ui

:0. 09,75 0. 0003076:0 003691 0. 015 0.900 651 789
10,1875 :0.0006152:0.007532:0.03): 0.830 €201 968

:0.00123 , : 0. o1n76 :0.062:0.750 £17L 684

:0.00246

-oomse
:0.00984
:0.01968
:0.03936 :0.47232 :1,971:0.0057: 528090

:0.02952
:0.05904
:0.11808 :

:0.12%: 0,640 8706 252
:0. aué :0.505 68kg, 062
:0.493:0.308 134654

:0,23616 :0.986:0.103 #4771 898




. | | : 4
D = Depth in feet (NOPE: .In original Kslinske paper symtcl used for f'f
depth is "d") |

g, = Water discherge in cfs/ft width = (1.486/n)s}/2p5/3
T, = wDS; where v is Qaight of water = 62,1 #/rt>
- e =J-’E—°7p-; where 2 is fluid mass densi‘t.y 1.9&;‘,%-32&?. ’
(Cc = 12 x Diameter in feet | ’

t‘g/f] Read fron Graph

q = Sediment discharze ir b s/sec /ft for 100 percent of given size

fn ved v , . R
0 = (2.57)(T,/U)(V*)(Dia in £4)(¥ ); where J_ 1is specific weight -
of material $2.65)(62.4) = 165.4 S g -

(NOTE: 1In original Kalinske paper symbol D used for diameter
of particle in feet)
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Table H
. RIG GRALDE LLGRADATIGH STUDLES
i B LOAD
SCHUKLITSCH FORMULA
£ Basic data  Slope 05096
/ I . Mannings "nt 025 , ) r o
ur l'emcerature 50 ¢ . ' © .
. YV ¥ W5 GRS 1 TSRS VA VLW TS0 S 7 SR ERSY YR 15 PR A5 - S
' Q3990 Q% %90 : 9 w9y : 95 : G Go: Qe <i§ﬂ,qo : % 99 § Qg 1959 :9c  :%u~g: Qg
Ovirt O, 1926. 29.5: : : : : : : : : T : : : :
0.5: : : 0,0852; 2.2 : : : : : : : : s : :
- 0.8: U, 59?6° 90/9' 0,3852: 11.7: : : : : : : : $ : :
. 0.9: : 2 0,0705: 5.4 : : : : : : : : :
o 7.0t 1, 79:.()' 274, 6 l.)8‘§2 171, 8 l.-705 89.8: 0. 31;1 18.4: s R : : : : :
¥ 5 5.4 : ; : 0,282: 10.7: o : : : :
o L.0: 3,7926: 531, 6: 3, 5054' 388, 5 3.1705: 243.1: 2. %41 126.4: 0.682: 26,03 R : :
8001 7.7926:1195.1: 7.5852: B2L.9: 7.1705: 549.8: 6.341: 342.4: L.682: 178.7: 1.368: 37.0: : : :
L 10.0: 9.7926:1501.8: 9,5852:1038,7: 9,1705: 703.2: 8.341: L50.4: 6.682: 255 + 3.368: 91.1: ':
] 20,0:19,7926:3035.4:19,5852:2122,3: 19 L705:0470 :18.341: 990.4:16.682: 637 :13.368:361 6, 737 121;~ :

30.0:29,7926:1,569.0:22.5852:3205. 9 :29,1705:2237  :28,341:1530.4:26,632:1018 :23.358:632 617374 321:3.47k: 47
40,0:39,7926:56102,6:39,5852:4289 139,1.707 : 3004 2138.341:2070.4:36.682:1400  :33.368:902 . :26; 7372502 23,474 :182, 4
¢, = water discharge cts/ﬂ, xridth J o : R

qo = critical discharge = O, 0053?0/\8 l‘/3), whers D is srain diemeteér in inches

qs = sediment discharge lb/hr/ft width wherc qg = (86. 7/\/15)(8 1 5)(qw-qo)(3600} D is agaln diameter in inches;
for 100 percent of mateorial of given <17e in bed :




N Table I
o RIO GRANDE DEGHADATIOW STUDIES ‘
. BED LOAD
T SCHOKLITSCH FORMULA
e Basic Datay Width 1200 ft
o Slope 0.00096
e *n* 0,025 .
"f; Temperature 50° F - -
e Size gradation from average of two borings #37 and # 51 s
Normal flow duration San Felipe
t¥low @ i 20 : 187% mm ¢  L375.mm .75 mm i 1.5mm 1 5.0 mm B
padup- ¢ R : ! : : : : i : : : : -
Ry sation: Y : Y Q-! : 9g % 9 Ry % Qe % Q! : 93 4
240 : 0.1 : 0.200: : : : : : s ) z : : :
245 ¢+ 0.1 : O0,20%: : : : : : : ! : : : :
25 ¢ 2.8 ¢ 0.271: 8 : 0,01 : : : : : : : : : :
i 52 t 7.0 : 0.377: - 26 1 0.h0: : ! : : : : : : ! :
- o 558 $10.0 : 0.4b65: 39 : 0.80: : : : ' : : : : :
€65 :10.0 : 0.55M 53 ¢ 1.1k - 15.7: 2,13 : : : : : FRE :
i 780 :10.0 : 0.650: 675 1.h5: 26 : 3,53 : : : : 2 : :
k 920 :10.0 : 0.766: 87 : 1.87: 38.2: 5.1Q: : : : : 1 s : :
1100 :10.0 : 0.017: 112 : 2.la: 53 ¢ 7T.20: 6.6: 1.24: : : : : : :
1365 :10.0 : 1.1% : 143 : 3.07: 78 : 10.60: 21.5: .4,01: : : : Tt :
1890 :10.0 : 1.57 ¢+ 208 : b 47: 126 1£.12: gb’ t 10.32: 3 : : : :
o 3275 :10.0 : 2.73 :+ 389 : 8.36: 255 : 3h.65: by : 27.58 58 3.33: : : : :
. 5850 1 5.0 ¢t ¥,B8 : 725 : 7.79: k90 : 33.30: :29.27: 173: 4.97: 57: 0.LO: : :
= 8700 + 2,0 : 7.25 : 1100 : W.73: 75Q : 20.39: U495 : 18.57: 305: 3.50: 150: O.42: . . :
< 12550 ¢ 2.0 :10.50 : 1600 : 6.87: 1110 : 30.17: 750 : 28.1l: L80: 5.51: 275:-0.77: 105: 0.15:
k i : o.g :13.70 : 2100 : 2.26: 1480 : 10.06: 990 : 9.29: 655: 1.88: L400: 0.28: 'i%: 0.07:
19500 t Ol 116,20 : 2500 : 2.15: 1730 : 9.,40: 1190 : '€.93: 790: 1.81: 500: 0.28: 257: 0.07:
21600 : 0.1 :18.00 : 2750 : 0.59: 1930 2.62: 1330 : 2.50: B85: 0.51: 565: oﬂos-~3os 0.02:
- H $ 3 ! R : : : : : : TOTAL LOAD
N Total 1oad ?/yr[ft width hs.37 : 156;36:; r 13 s7 : 21.51 ¢ 2.293: 0.31 ‘478, 380 T/¥F
Total lo:d Tfyr 58, Ol 1 223,632 ‘ -167 8l 125,812 : 2,676 1 372 ' -
H - ' H H ; H : Yol
£ of total load 12,1% : 46,75 ¢ 319.09 .40 3 2.56: 0.07 :

Qy = Aversge water discharge in cfs for percent of time shown under flow duration; taken fiom flow dnratiozrarve
q, = Water discharge in cfs/ft width = Q /width
ag = Sediment discharge in 1bs/hr/ft width; taken from sediment discharge curve

Qg =

Sediment dischagge in T/yr/tt widm-(g xgggé% 25)( size in bed)(flow duration)

100




Table J

RIO GRAGDE DEGRADATICHN STUDIES
BEL LOAD
Basic data Width A0 feet SCHOKLITSCH FORMULA
Slope QL U0596
Itnﬂ ;'.O?ﬁ
Temperature 50° ¥ ‘
Size gradation from average of two borings Lo. 37 and No. 51

Flow duration at San Felipe adjusted to 5,000 cfs maxd mum
Flow s s 209375 o o IAT lim 3 7% mm i 75

ddura-~-: : ! , .
ition : 3 ! Qg

240 2 0, 0,400 ¢ 30 :

245 ¢ :0.408 ¢+ 30
325 10,504 + 46
452 0,754 ¢+ 84
558 $0.930 ¢ 112
665 £1,108 : 114
780 11,300 : 170 12.772 7.035
920 11,533 1+ 205 16.304 10.505

1100 :1.833 : 250 : + 20,788 : 14,632 :

1400 12,333 : 325 13.927 : 10,540 : 33

1910 83.183 : 450 3 : ©20.381 16.883 : 79

3005 15,008 : 735 : '+ 33,028 :322  : 30,202 :182 ‘

3995 15,658 1 990 5 18,207 : "1 16.883 :270 @ 3,101 Sh5

4415 :7.358 :1100 : 30,163 1 28,139 :310 ¢ 5,340 : :0.631

4765 27.942 1190 : 33.016 : ©1.30.952 345 2 5,943 :0.737

4,950 28,250 11230 34.239 : 32.078 :360 : 6,201 : :0.791

5000 18,333 :1250 161.685 ©:151,010 :363 :29.181 : :3.732

-

b

9g : Qp Qs,“Qg

.
.

.
o=

0.399
3.519
T.473
- 10.05}

s ss o2 oo oo 0o

1.426
4.127

OD"\)NO

L 3
08 se 8% o0 .08 o -ﬁ .o ou

s o8 a8 e e W
b b

SO Q

8% 88 S S8 B9

S0 wr 4o se 20 »e oo
S am se 44 e se

b

0.947

2.268 e .

5,225 ¢ 10,442
0

o
b o9 00 e Pe e

.o e -
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® 80 42 e v 25 e

0 as ve oo o ies es
*
e 280D Be 00 te av 20 er s

08 . ne.. e

»

t\»ut»!\)\n\n\:\
-
(*NooRoNoNeNaeReRoNoNoRe Yo

EER

" $TOTAL LOAD

:550,952 T/yr
H

Percent of total load 8.9ll\x~ - 15,35 3 : 413@;60‘- 632 0,73 S 0,07 3 e
Qw = average water discharge in cfs for percent of time shown under flow duration; taken from flow duration curve
qw = water discharge in cfs/ft width = Qu/width o o
qg = sediment discharge in lb/hr/ft width; taken from sediment discharge curves
Q5 = sediment discharge in T/yr/ft width = {ap)(24)(365.25)(percent. of .size in bed)(flow duration)
. 2,000 100 100~

s 00 s0 we ab o0
S0 -0 B8 S6 28 00 e o0 40 o0

as 50 en: ve

e we se s

W55 1 hZ T Bo% T 4w
_Total load T/yr 49,069 T 249,933 p 202,647 34,924 3 4,007

Total load T/yA/ft width 81,781

8. % 84 o

{
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Table K

- RIO GRANDE DEGRADATION STUDIES
LOAD CALCULATIONS

- 1Suspended; _Bed load 3

2 load .:K&linske:Schoklitsch:Avnr e:
Normal width & Flow : 429,000 3 § 22072 478,380 :192,L4L:  G6L, 40T,
Reduced width & flow: 585,803 : 386.911; 550,952 1468,941 21,054, 74,

i
- i : , .7:;2, .
Exdisting load in river from tabular estimate 2,350,000 tons/year e

Corrected total load ‘for new flow conditibna« 2 : 2054 , T4,) ’ |

Bed load from theoretiocal average for new flow conditions
Suspended load for new flow conditions i :

2,109,106)(2,000 =0 — Total su lt. 8 x 1b t"
=.0.517 1t S ded load = Io Susp 1d tons x lbs/ton
'éi'oo“'%?al,éomb'aoS P17 £4/yr  Suspended 1o Ibs/cu % x area of Fiver
‘ ' e ‘ o ‘bed -in”stretoh .
' (468,941)(2,000) _ y ' ﬁ
100)(81,007,689) = -0.115 ft/yr Bed load

(sq ££)
, . 1 ( - .
To divide load into sizes according to theoretical ‘Pgrcentages

To convert load from toms/year to equivalent depth over stretch

¢ Suspended N Bed ‘load - S
: load *.Kalinske:Schoklitsch:Average:\~ P
2 & :Depth: g ., ST R
'Silt finer than .0625ma: A1l -0f Lhis size considersd moved . .
VFS ..0625mm to ~+125mm:68,70:0.355: “Te04 ¢ 891 : 7.98 :0.
Fs +125mm to ;.Zﬁmm"—,:29.86:0.v151;: 39622 i ASOBS 42,38 .
S  .25m to +50am 3 1.44:0.008 43420 ' 38,60 40.90 -
CS .50nm to fl-muﬁ v o 9.0‘16 : 603‘} 7075 v
VCS 1.0um to 2.0on .11 0.73 - 2 0,92 -
VFG 2,0aa to 4eOem 0,25 0.07 '+ .0.16
‘FG 4.0mn to 8.0mn 0.03 : Lo 0.01 -
MG 8,0an to :16.0mn s
Coarser than 16 .0

e

*t 50 s es
e

e
»

e oa
e . e

(13 .9
s on us e

Total

o
L J
U
o
~3

o0 o0 oo Jos 4o e e o o

<3 L iy R
B8 20 45 Joo ¢r 00 se

89 60 90 a8 e
“» 00 s o0  es o0

- Ray diagram,plot%ed using total depth shown in table -above
existing bed gradation. \ _ »
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Table L¥#

RIG GRAwUE LEGRALATION STULIES
DEGRAUATLUN CALCULATION

. '«‘ %
T p4 d ] e s H : : : :d
- Cm. L .‘ m. ® . .EE
Lﬁ,;:a;azgzs,éza;gja

ist year )
Percent in bed sl 409 31,0 :42.8 13,1 ot 342 b tlal 2046 2

: 1.6 ¥
Depth in beds: :0,098:0.343: 2.170: 2,996: 0.917: 0.22%: 0.112:0.098:0.042:7.000 &
0,002 :

Depth ertering from: 0 052 0.397: O 207 0.068 0.015 0.003: 0.002: : 0.7 1
upstream s : s : 3 oL
Depth entering irom :0.018: Q. 028 o 008 0.00L L : 0.058 e
trib : : : L3 : : : g
Depth diverted : :0,160: O 097 0 006" SRR | 3 0 263 B
Total avuilable :0.,150:0.,598: 2.,308: 3.066: 0.936: 0, 227 0.114: 0.098 0.0L2:7.539 NS
Lepth removed :0.150:0,364: 0.203: 0.055: 0.009: 0,C0L: I :0.782 .
Lepth remeining : 10,234t 2,105: 3,011: 0.927: 0.226: O.1lh: 0.098 0.042:6.757 A
Percent remuining $3e5  31lei thdieS :13a7 2345 ¢ 1.7 115 :0.6
Average percent 1007 thel 13160 24307 134z 343 & 1.6 :1.5 0.6 R
Depth removed :0,150:0.315: 0.203: 0.056: 0.009: 0,001 s °O 734, N
(average) : : : : . : : B
Lepth remaining : :0.283: 2.105: 3.010: 0.G27: 0.226 Uollys 0.098 o] OA4 ©.805 HE
Pegradation :0.098:0.060: 0.065:=0,014:-0,010:~0,002:~0,002: : :0.195
'<nd_year
Percent in bea the2 33049 :hhiez 1346 : 3.3 : 1.7 :l.5 0.6 : .
Depth in bed :0.283: 2.105: 3.010: 0. 92/ 0.2206% 0. llL 0.098:0.042:6. 8051‘f '
Lepth enteriny from -0 Obb' 0.149: O 07h 0; 090 0.004: 0.002: : : £
upstream : : s 3 :
Depth entering from trib -0 018 0.02¢: 0.008: 0.00L. X O :
Depth divertsd : 0.008: 0.001: : : '
Total available .0 3&7 2.274: 3,091: 0.951: .230 O. 116 0.098 0 OQZ' ﬁLQf“ :
Depth removed 20.315: 0.209: 0.057: "0.010: 0.001: : \ 1G 4592
Depth rem-ining + 30.032: 2,005: 3.034: 0.941: .229 O.ll6: O 096 0.0A2~b 957}
Percent remaining 30057 131,50 46.2 0 1l ot 345 2 1.8 :1.5 :0.6 \Cl
Aversge percent t20h 2312 45,2 L0 2 3.4 2 L7 15 0.6 ¢ :) o
Depth removea (average) :0.170: 0.206: 0.058: 0,010: 0.001: : : .hhS,\-
Depth remaining 20.177: 2,068: 3.,033: 0.941: 0.229: 0.116:0.098: 0.0h2 O. 70&1,]. 
Degrudation :0.,106: 0.037:-0,023:-0.014:0.003:-0.002: H Homlog
3rd year . - .
Percent in bed . :2e7 23049 4562 :LhaD : 3.4 1.7 :le5 :0.6 S
Depth in bed 0 J177: 2,008: 3,033: 0.941: 0.229: 0.116:0.098:0.042:6.70L SNl
" Depth entering from .Ohb' 0] ll9 0.071 0 022' 0.004: 0.002: s 20,264
upstream : H 3 IR
Depth entering from trib’ O 018 0. 028 c 008 0.00k : : :0.058 N
Depth diverted : : 0.007 0.001. : : : .O .008 FN
Lepth removed O 200 0. 204. O 058 0.010 0.00l. : .h71"
Lepth remaining :0.041: 2.,006: 3.053: 0.957: 0.232: 0.118: 0.098’0.0L2 6 5L7
Percent remaining 10,6 :30.0 :4beb :lheo : 3.0 ;3 1.8 :l5 0.7
iverage percent 11,7 :30.7 45,9 :lhe3 : 3.5 : 1.8 :1.5 1046
Lepth removea (aversge) :0.125: 0. 201: 0.05%: 0.0lU 0.001: ‘ : 0,396 ENEE
Depth remaining :0.136: 2.007: 3.052: 0.957: 0.232: 0,118: 0.098 0.0h2 6.622 e

Legraaation :0,061: 0.001:-0.019:<0.016:«0.003:=0,002: : :0.0828

#5ee explanstion of table on Page 22,
#all depths in feet

c e

R




RIO GRASVE CEGAAUATLICN STULLES
LAPLANATION OF LEGRALATLIC: CALCULATIONS
Bed gradation in percent by weight.

Lepth of each size in turnover zone assuming gradatlon by welght
to be the same as'the gradation by volume.

Depth shown on Line 11 of preceding stretch times (urca of
stretch)/1¢rea of preceding stretch).

Depth of meterial from trlbutarles computed by diviaing total
inflow from watershed in proportion to area of watexshed
drained by this stretch.

{nie~half the concentration of suspenced load in preceding _
stretch assumed as concentration of seaiment in diverted wuter.,

Iines 2 plus 3 plus 4 minus Line 5.

read from ray diagram using percéntage in Line 1.
Line ¢ m;nus ILine 7.

Size gradation of remaining naterizl shewn in Line 8.

average of line 1 and Line G.

Read from ray disgram using percentages in Line 10,

line 6 minus line 11«

line 2 minus Line 12,

iext period same as above starting with depths shown in Line 12
for Line 2; Line 1 will be size gradation as shown by Line 2,




